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1 Introduction

During RAN3#93, the following design principles upon which a working assumption has been made for light connection support (the text in green are actual agreements).
“

1) 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.

2) The anchor eNB maintains the S1 connection while the UE is lightly connected.

3) 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. 

4) If necessary, the anchor eNB sends X2 paging to neighbor eNB(s).

5) 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.

6) 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.

“

During the previous RAN2#95 meeting, some of the key agreements made to support light connection were:

“

· S1 connection is kept and active in the “anchor eNB” 
· Support of RAN initiated paging
· The paging process is controlled by “anchor eNB”

· eNB controlled RAN based paging area
· RAN based paging area update mechanism. RAN based paging area can be configurable as UE specific

 “

In this contribution, we provide the details of supporting light connection procedure considering the RAN2 and RAN3 agreements.
2 Discussion
RAN based paging mechanism for UEs that are lightly connected i.e. suspended with active S1, allows for a more dynamic and optimal setting for the paging DRX parameters taking into account, for example, the UE mobility, QoS and traffic patterns. For the RAN-based paging mechanism, in order to ensure that there is minimal Uu signalling incurred during mobility, a RAN Paging Area that could consist of a single cell or a group of cells potentially in different eNBs has been agreed. Furthermore, it is also considered as an option that it could be the same as the CN tracking area. 

The UE can move within the area using cell reselection and not incurring any additional signalling even though the S1 is kept active. When it enters a new area outside of its configuration, the UE needs to update the network very similar to how TAU works today. 
2.1 RAN based paging
The network can configure the paging area to consist of a single cell or a group of cells potentially in different eNBs or provide an indication that CN tracking area is allowed. The UE configured in light connection can move within the configured cells without incurring any signalling. 
Whenever there is downlink data for the UE, it would arrive at the last serving eNB or ‘anchor’ eNB of the UE where S1 is kept. If the UE has been configured to support more than one cell as part of its RAN-based paging area (whether through cell list or CN TA), it might have moved to another cell. This case requires X2 to carry Paging to other eNBs within the configured RAN Paging area on behalf of the UE.
Proposal 1. As the paging area can encompass more than one cell, RAN3 to agree to support X2AP based paging support to reach UEs. 

Proposal 1.1. RAN3 to also support data forwarding over X2 to forward buffered data at ‘anchor’ eNB.
The X2 based paging triggers RRC paging message to page the UE. The details of the RAN based paging procedure over RRC are up to RAN2. The potential IEs needed within the X2 paging are:
· Paging ID

· UE Identity index

· RAN paging (e)DRX (depending on RAN2 decision)

· RAN based paging priority

Proposal 2. RAN3 to agree as a baseline the above list of parameters to be considered for X2AP paging message considering that some IEs are pending RAN2 decision.
2.2 Lightly connected UE scenarios

2.2.1 DL/UL data and signalling
When a lightly connected UE receives paging for downlink data or signalling or has uplink data or signalling to transfer, the existing resume procedure is entirely reused to enable the UE to enter RRC connected mode and perform data exchange. The procedure also requires X2AP paging if the UE has moved away from the ‘anchor’ eNB. This is shown in figure 1. The UE’s context is always retrieved to the serving eNB whether the UE has moved away from or stays within the RAN based paging area.
Proposal 3. RAN3 to agree to follow the Rel.13 Resume procedure (with the exception of using S1AP Path Switch procedure to switch S1) whenever there is MO/MT data/signalling. 
Proposal 4. RAN3 to agree to support X2AP Paging to page UEs within the RAN based paging area (details are in [1]).  
2.2.2 Lightly connected UE moved out of paging area 

If the lightly connected UE simply moves out of the paging area, it performs an uplink RRC procedure to be defined by RAN2. It could be the same as the Rel.13 Resume procedure or a new procedure or a combination thereof. From RAN3 point of view, it matters whether:

· The UE is to be suspended, released or kept in light connection.

· The context is fetched from the ‘anchor’ eNB.
We would prefer to use the same procedure to perform the different operations for consistency. The definition of a paging area is that the UE can move within this area which has its ‘anchor’ without any signalling and the ‘anchor’ eNB would take care of buffering the data. It is our understanding that as soon as the UE moves out of the area, the relocation of the ‘anchor’ has to be performed and then a message exchange with integrity protection between the UE and the current serving eNB can follow for any purpose. 

Furthermore, the procedure would be the same whether the UE is configured with one cell, multiple cells or the whole tracking area by which the context is always retrieved whenever an uplink message is generated by the UE. 

Proposal 5. RAN3 to agree that the serving eNB should be the node to make the decision to put the UE in suspended or idle mode or keep in lightly connected mode. 

2.2.2.1 UE is suspended

As shown in figure 2, there is no change to specification if the UE’s context is retrieved to the current serving eNB which becomes the ‘anchor’ eNB. The decision to suspend the UE, if taken by the current serving eNB, has no specification impact. However, if the old ‘anchor’ eNB has to provide recommendation whether the UE is to be suspended, it could do so as part of the context retrieval response message. We think that whether the context is kept at the new eNB (for suspended and light connection scenarios) or not (for idle mode scenario) is a decision related to the UE’s context, therefore, it can be added as a new IE within the X2AP RETRIEVE UE CONTEXT RESPONSE message. 

2.2.2.2 UE is kept in light connection

In case the current serving eNB prefers to the keep the UE in light connection, it might need to perform new configuration on the UE and therefore, has to retrieve the context. Similar to the case before, if the decision is to be taken by the ‘anchor’ eNB, an indication could be provided within the X2AP RETRIEVE UE CONTEXT RESPONSE message. This option is shown in figure 3. 

2.2.2.3 UE is released

In general, this is a rare scenario that the UE gets released after being configured with light connection. As explained earlier, in order to do RRC Connection Release which requires integrity protection, UE’s context has to be made available at the serving eNB from the ‘anchor’ eNB. Moreover, the mechanism will be similar for the different scenarios. However, it is up to RAN2 decision to define any RRC message optimizations for this scenario, the baseline of which is shown in figure 4. 

To support the scenarios, the RETRIEVE UE CONTEXT RESPONSE message might need to be modified to include at least the following additional IEs:

· Downlink data availability indication
· E-RABs information List (E-RAB ID, DL forwarding)

· Paging ID 

· UE Identity Index

· Paging DRX 

· Configured TAI or Cell ID list as part of RAN paging area 

· Load balancing TAU required indication
· S1 Connection release indication

· UE History information from the UE
Depending on the DL forwarding condition, the current serving eNB2 might need to share the tunnel ID information to set up the Data forwarding tunnel for any pending data as shown in figure 1. 
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Figure 1. RETRIEVE UE CONTEXT procedure
Proposal 6. RAN3 to agree to include at least the following IEs within X2AP: RETRIEVE UE CONTEXT RESPONSE message: 
· Downlink data availability indication

· E-RABs information List (E-RAB ID, DL forwarding)

· Paging ID 

· UE Identity Index

· Paging DRX 

· Configured TAI or Cell ID list as part of RAN paging area 

· Load balancing TAU required indication

· S1 Connection release indication

· UE History information from the UE
Proposal 7. RAN3 to agree to update X2AP: RETRIEVE UE CONTEXT procedure to support data forwarding.
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Figure 2.  UE is suspended after moving out of the configured paging area
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Figure 3.  UE is kept in light connection after moving out of the configured paging area
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Figure 4.  UE is released after moving out of the configured paging area

Proposal 8. RAN3 to agree to use existing messages as much as possible to reduce specification impact.
3 Conclusion

In this contribution we have discussed the introduction of X2 based paging and different scenarios when lightly connected UE moves out of the configured paging area and have the following observations and proposals:
Proposal 1. As the paging area can encompass more than one cell, RAN3 to agree to support X2AP based paging support to reach UEs. 

Proposal 1.1. RAN3 to also support data forwarding over X2 to forward buffered data at ‘anchor’ eNB.
Proposal 2. RAN3 to agree as a baseline the above list of parameters to be considered for X2AP paging message considering that some IEs are pending RAN2 decision.
Proposal 3. RAN3 to agree to follow the Rel.13 Resume procedure (with the exception of using S1AP Path Switch procedure to switch S1) whenever there is MO/MT data/signalling. 

Proposal 4. RAN3 to agree to support X2AP Paging to page UEs within the RAN based paging area (details are in [1]).  
Proposal 5. RAN3 to agree that the serving eNB should be the node to make the decision to put the UE in suspended or idle mode or keep in lightly connected mode. 

Proposal 6. RAN3 to agree to include at least the following IEs within X2AP: RETRIEVE UE CONTEXT RESPONSE message: 

· Downlink data availability indication

· E-RABs information List (E-RAB ID, DL forwarding)

· Paging ID 

· UE Identity Index

· Paging DRX 

· Configured TAI or Cell ID list as part of RAN paging area 

· Load balancing TAU required indication

· S1 Connection release indication

· UE History information from the UE
Proposal 7. RAN3 to agree to update X2AP: RETRIEVE UE CONTEXT procedure to support data forwarding.

Proposal 8. RAN3 to agree to use existing messages as much as possible to reduce specification impact.
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