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1 Introduction

During the previous RAN2 meeting i.e. RAN2#95, the following is one of the key agreements made to support light connection. 

“

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

 “

The following are the design principles upon which a working assumption has been made in RAN3 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.

“

In this contribution, we provide the details of configuration of the paging area to be considered for the lightly connected UE based on RAN2 and RAN3 agreements. We also discuss the update mechanism options. 

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 but on the RAN level. 
2.1 RAN based paging area
The network can configure the paging area to consist of a single cell or a group of cells, potentially even in different eNBs, or provide an indication that CN tracking area is used. The UE configured in light connection can move within the configured cells without incurring any signalling to update the location of the UE. 
As we know, a given tracking area (TA) which typically consists of a number of cells is identified by the tracking area code. The serving cell of the UE broadcasts the tracking area code (16 bits) where it belongs to and its cell identity (28 bits) in SIB1. The idle mode UE performs the Tracking Area Update procedure based on this information, which is compared to the TAI list that it received earlier from the network. This CN tracking area might be re-utilized such that the TA list provided to the UE could be coordinated with the eNB and the same CN level tracking concept can also be used for RAN level tracking including the same tracking area update procedure. The eNB could simply intercept any uplink message (including when TAU is triggered) from the UE to track the UE's location and retrieve the UE’s context from the ‘anchor’ eNB.

The lightly connected UE position during mobility is known by the network at RAN based paging cell list or tracking area level as configured by the eNB.

Proposal 1. The eNB could configure the cell list (e.g. pagingAreaCellIdentityList w/ pagingAreaCellIdentityInfo), as RAN-based paging area within which the UE can move performing only cell reselection. This configuration could be defined within RRCConnectionReconfiguration.

Proposal 2. The default cell list configuration is that the RAN-based paging area is the same as CN tracking area (i.e. if a UE is released to light connection without explicit configuration of cell list while in connected mode, it uses this default configuration).

RANPagingAreaInfo-r14 
   ::=  SEQUENCE {

pagingAreaCellIdentityList ::=
SEQUENCE (SIZE (1..maxCells-r14)) OF pagingAreaCellIdentityInfo

pagingAreaCellIdentityInfo ::=


SEQUENCE {



pagingAreaCellID-r14

CellGlobalIdEUTRA

}

}

….

maxCells-r14 
INTEGER ::= 16  -- Maximum number of cells in the RAN paging Area cell list
Whenever there is downlink data for a UE lightly connected, it would arrive at the last serving eNB, also referred or ‘anchor’ eNB, of the UE where S1 is kept active. 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 3. RAN2 to inform RAN3 of the decision to support configuring more than one cell as RAN-based paging area and to request for X2AP based paging support to allow reachability of lightly connected UEs, as well as the support of data forwarding over X2.
The X2 based paging triggers RRC paging message in the new eNBs to page the UE. Based on majority of companies’ input on email discussion [95#31], it is clear that that we can reuse the existing RRC paging message to avoid specification impact. The details of the RAN based paging procedure over RRC are provided in [1].
2.2 RAN based paging area Update 

Given the above paging area configuration options, the following are the two options for performing RAN based paging area update:

· When the CN tracking area concept is reused, no new RRC message or procedure is strictly needed (i legacy behaviour would be feasible). 

· When a cell list (1 or more cells) is configured for RAN based paging area, whenever the UE crosses the boundary, it will need to inform the network/current eNB. Different approaches are considered and explained below including message flow diagram for each one.
· Reuse Resume procedure (option 1).
· Introduce new procedure (option 2) referred as RRC Connection Cell Change/Update procedure.
· Introduce a combination of new connection request [msg. 3] and existing resume procedure (option 3).
Upon receiving the “update” message from the UE (as per option 2 or 3), the current serving eNB, if different from the “anchor” eNB has to retrieve the UE’s context in order to perform integrity protected connection release. Further details of the different options 2 and 3 and the standard impacts are discussed in this section. For this following part, the assumption is that the UE only gets connected to the network to perform location update without need to send or receive any data; therefore an efficient but secure mechanism to get the UE back into idle (as release, suspended or in lightly connected) might be preferred.
Proposal 4. RAN2 to agree that the UE’s context is retrieved whenever UE moves to a new paging area to change UE’s configuration if necessary and perform integrity protected connection release of the UE. 

Option 1 implies that there is not much change to the Rel.13 resume procedure as shown in figure 1. The only disadvantage of this procedure is that there is only one spare bit available in the RRC Connection Resume Request message to indicate that the UE had been lightly connected, while it has moved to another paging area. The eNB might need to know this information to reconfigure the UE’s paging area cell list and DRX or other necessary configuration accordingly. It is also not clear which resumeCause best fits the situation. Assuming that the new eNB does not know whether the UE was suspended or in lightly connected,  the UE Context Retrieve Response message from ‘anchor’ eNB can add an indication that the UE was in light connection. The serving eNB can make a decision on whether to suspend or release the UE. If the current eNB prefers to maintain the UE in light connection, it will need to configure the paging area list depending on how it is supported, before releasing the UE.
Proposal 5.  RAN2 to discuss whether the eNB needs to differentiate upon RRC Connection Resume Request that the UE is resuming to do only ‘cell update’ (since UE crossed the configured boundary). If so, to discuss how this information is conveyed: (a) via a new RRC message, (b) via the resume cause, (c) via the spare bit available on msg.3 or (d) via RRC Resume Complete message.

Proposal 6.  If Resume procedure is preferred for Cell Update, RAN2 to send an LS to RAN3 to check whether RETRIEVE UE CONTEXT RESPONSE can carry information that the UE is lightly connected if the eNB needs to differentiate it. 
Option 2 in figure 2 shows a new procedure by which new RRC messages are used. The msg.3 would be similar to RRC Conn. resume request (including resume ID and resumeMAC-I), with the different that RRC resume cause would not be strictly needed (although this might require further discussion in case the UE also wanted to indicate the need to do UL data). The response message to UE’s Connection Request upon Cell change could potentially be multiplexed to include connection reconfiguration to configure the paging area cell list and release the UE. This way, the messaging over the air can be optimized. If the multiplexing is not possible, option 2 would look similar to option 1 except with new msg. 3 and msg.4. 

Option 3 in figure 3 shows a new message only for the request and usage of resume procedure for the rest of the message flow. In this way, the purpose of the connection establishment i.e. cell update due to crossing of paging area boundary can be signalled to the current eNB. 
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Figure 1. Cell update mechanism using Rel.13 resume procedure (option 1)
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Figure 2. Optimized Cell update mechanism using new procedure (option 2)
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Figure 3. Hybrid Cell update mechanism using new and resume procedures (option 3)
RAN2 needs to discuss the different solutions for performing RAN based paging area update and arrive at an optimal solution from signalling and specification impact point of view. RAN2 to consult other working groups as necessary.

Proposal 7. RAN2 to discuss the different options for performing lightly connected UE's update to the network when crossing RAN based paging area boundary, considering whether eNB needs to differentiate light connection of UE upon msg.3, or upon retrieving the UE context from the anchor eNB.
3 Conclusion

In this contribution we have discussed the configuration of agreed RAN based paging area and different options of configuring the paging area update message and have the following observations and proposals:
Proposal 1. The eNB could configure the cell list (e.g. pagingAreaCellIdentityList w/pagingAreaCellIdentityInfo), as RAN-based paging area within which the UE can move performing only cell reselection. This configuration could be defined within RRCConnectionReconfiguration.

Proposal 2. The default cell list configuration is that the RAN-based paging area is the same as CN tracking area (i.e. if a UE is released to light connection without explicit configuration of cell list while in connected mode, it uses this default configuration).

Proposal 3. RAN2 to inform RAN3 of the decision to support configuring more than one cell as RAN-based paging area and to request for X2AP based paging support to allow reachability of lightly connected UEs, as well as the support of data forwarding over X2.
Proposal 4. RAN2 to agree that the UE’s context is retrieved whenever UE moves to a new paging area to change UE’s configuration if necessary and perform integrity protected connection release of the UE. 

Proposal 5.  RAN2 to discuss whether the eNB needs to differentiate upon RRC Connection Resume Request that the UE is resuming to do only ‘cell update’ (since UE crossed the configured boundary). If so, to discuss how this information is conveyed: (a) via a new RRC message, (b) via the resume cause, (c) via the spare bit available on msg.3 or (d) via RRC Resume Complete message.

Proposal 6.  If Resume procedure is preferred for Cell Update, RAN2 to send an LS to RAN3 to check whether RETRIEVE UE CONTEXT RESPONSE can carry information that the UE is lightly connected if the eNB needs to differentiate it. 
Proposal 7. RAN2 to discuss the different options for performing lightly connected UE's update to the network when crossing RAN based paging area boundary, considering whether eNB needs to differentiate light connection of UE upon msg.3, or upon retrieving the UE context from the anchor eNB.
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