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Discussion
1 Introduction

A new Rel-14 WI on reduction of signalling overhead was recently agreed in RAN#71 [1]. The objectives are to provide solutions to further reduce signalling due to handover, and paging, while considering the necessity of a new RAN based state. The baseline of this WI will be the User plane solution being defined as part of Rel-13 in NB-IoT and, potentially, Rel-13 LTE (as part of TEI13), wherein the the UE context is stored in the UE and eNB, when the UE transitions to RRC idle mode. The motivations is easy context retrieval upon connection establishment while reducing signaling overhead (i.e. UE is released but suspending the RRC connection as part of the RRC suspended procedure being defined in Rel-13). As the specification work of this Rel-13 UP solution" is still ongoing, this WI starts only discussing the aspect related to "signaling reduction due to Paging, considering limiting the Paging transmission within a more limited area"
This contribution discusses the benefits of providing mobility control at RAN level for UEs that are lightly connected (e.g. suspended). It provides the main details of RAN based paging mechanism which allows a more dynamic and optimal setting for the paging DRX parameters taking into account, for example, the UE mobility, QoS and traffic patterns.
2 Discussion
2.1 RAN originated paging mechanism
In legacy networks, when the UE is in idle mode, its location is known at Tracking-area level and in connected mode, its location is known at the cell level. In general, the TA encompasses several cells and during downlink reachability, excessive signalling may be necessary as part of paging to reach the UE in idle mode. While in connected mode, the UE performs handover signalling for every transition across cell boundary. In this discussion, we consider legacy UEs that are in idle mode and not supporting the user plane solution (for simplicity, we will refer to them as "UE-released") and UEs that are suspended, and supporting UP solution with their AS context stored in the UE and the eNB (for simplicity, we will refer to them as "UE-suspended"). 
For both kind of UEs ("UE-released" and "UE-suspended"), the MME is involved to tear down the S1-U bearer when they enter idle mode, to configure the paging DRX cycle and trigger the paging towards multiple eNBs, as previously explained. All of these mechanisms involve substantial signalling in the network interfaces (between eNB, MME and S-GW) and in the radio interfaces (if a large number of eNBs has to send the paging message over the air).The DRX cycle length parameter selection is done at the time of Attach/TAU; therefore, it would be challenging to adjust its configuration more dynamically based on UE requirements. The paging DRX cycle length parameter determines the delay to reach the UE for mobile terminated access and correspondingly provide the DL data. Rel-13 UP solution already helps in minimizing the signaling involved to resume to connected mode upon paging, however it does not optimize the paging mechanism. 
Therefore, we propose to define a RAN-based (UE specific) DRX cycle that is configured by the eNB to the UE considering the UE’s QoS requirements, traffic patterns and mobility information. For simplicity during this discussion, we refer to this RAN-based UE specific paging DRX cycle as "Light DRX" (L-DRX) cycle. In principle, this L-DRX could be used by any UE in idle mode, however, as we explain below, the most benefit is for the "UE-suspended". 
The main difference between "UE-released" and "UE-suspended" is that the UE AS context is stored in eNB and UE side in “UE-suspended”, although in both cases, the paging DRX is configured and controlled by the MME and the S1-U is torn down. L-DRX relies on eNB configuring the paging DRX cycle, therefore it would also be efficient if the eNB controls the paging mechanism i.e. triggers the paging messages over RAN using X2 interface. To differentiate the Rel-13 UE-suspended where the DRX cycle and paging are controlled/initiated by the MME vs. the Rel-14 UE-suspended case where the DRX cycle and the paging are controlled by the eNB, we suggest referring to it as UE with lightweight connection or simply as "UE-light-connected". 

Proposal 1: RAN3 to discuss about the usage of X2 interface to page UEs in lightly connected state (UE-light-connected) that are configured with the L-DRX as part of RAN originated paging mechanism. 
Once the RAN-based paging mechanism is defined, we need to consider how the UE can be reached if it has moved away from its serving cell. In order to ensure that there is minimal Uu signalling incurred during mobility for “UE-light-connected”, a Paging area that consists of a group of cells, potentially in different eNBs needs to be considered. The cells/eNBs within the paging area should be able to communicate with each other over X2. Whenever there is downlink data for the UE, this would require using X2 to carry Paging message to other eNBs in the Paging area. How the Paging area is maintained is FFS.
Legacy LTE uses protocol layer transparency which means that each protocol layer often provides its own UE identity. The MME originated S1-AP Paging message for the UE in suspended/idle uses the UE NAS identity (S-TMSI). However, a different UE ID could be considered when the UE is in lightweight connection and uses the RAN based paging mechanism.The agreed UE ID would be valid, unique and recognized within the defined paging area. 
Proposal 2: RAN3 to consider that a new paging area within which the RAN-originated X2-based paging between eNBs can be valid might need to be defined. Details FFS.
2.2 S1-U handling with RAN based paging 
For the S1-U bearer, there are two options to consider while the UE is using lightweight connection:
Option a. S1-U bearer is torn down while the UE is in lightweight connection; similar to Rel-13 operation. The main disadvantage is the additional CN signaling involved every time the UE enters connected mode. This is not preferred considering that normal UEs (unlike NB-IoT UEs) using suspend/resume procedures might frequently access the network to do efficient data transmissions. 
Option b. S1-U is maintained while the UE is in lightweight connection (i.e. S1-U is not released). This would help in greatly reducing the CN signaling but would require buffering support in the eNB.
Both options are feasible understanding the trade-off on network/specification impact vs. signaling overhead. 
Proposal 3: RAN3 to discuss the feasibility of maintaining the S1-U bearer when UE is not in connected mode considering RAN originated paging mechanism.
2.3 RAN paging message
Furthermore, it is important to discuss how the paging message would be sent to the UE i.e. RRC paging message. For this discussion, we want to recap on the reference names given for this discussion to different kind of UEs that can be found in idle mode: "UE-idle", "UE-suspended" and "UE-light-connected". The "UE-idle" and "UE-suspended" are paged based on the legacy LTE paging mechanism that is triggered by the MME (i.e. MME sends S1-AP paging message to the eNB). The "UE-light-connected" is paged based on the new RAN originated paging mechanism that is triggered by the eNB, if S1-U is kept, or by the MME if S1-U is released. There are two possibilities that could be considered for the RRC paging message: 
Option 1. Same RRC paging message as legacy is also used by the RAN originated paging mechanism to page "UE-light-connected".
Option 2. Different/new RRC paging message is used.
Proposal 4: RAN3 to discuss any implications with combining S1-AP based paging and RAN based paging mechanisms within a paging area to page different kinds of UEs.
3 Conclusion

The proposals of this contribution are listed below:
Proposal 1: RAN3 to discuss about the usage of X2 interface to page UEs in lightly connected state (UE-light-connected) that are configured with the L-DRX as part of RAN originated paging mechanism. 
Proposal 2: RAN3 to consider that a new paging area within which the RAN-originated X2-based paging between eNBs can be valid might need to be defined. Details FFS.
Proposal 3: RAN3 to discuss the feasibility of maintaining the S1-U bearer when UE is not in connected mode considering RAN originated paging mechanism.
Proposal 4: RAN3 to discuss any implications with combining S1-AP based paging and RAN based paging mechanisms within a paging area to page different kinds of UEs.
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