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1 Introduction

A new Rel-14 WI on reduction of signalling overhead was agreed in RAN#71 and the first meeting discussion was held during RAN3#91bis. The objectives of this WI are to provide solutions to further reduce signalling due to handover, and paging. The baseline solution will be the Suspend-Resume procedure defined as part of Rel-13 in NB-IoT and Rel-13 CIOT in LTE, wherein the UE context is stored in the UE and eNB, when the UE transitions to RRC idle mode. 
During the previous RAN2 meetings i.e. RAN2#93 and RAN2#94, the following agreements have been made. 

“

· S1 connection of a UE lightly connected is kept and active, in order to hide the mobility and state transitions from CN. 

· For the UE lightly connected, the RAN initiated paging is feasible and beneficial in terms of signalling reduction as well as decreasing latency from RAN2 perspective. Thus the RAN initiated paging can be introduced from RAN2 perspective. 
“

The below aspects from the SID objectives provide a perspective on the way forward to be considered in RAN3 for this quarter. 

· Signalling reduction due to handover, considering UE centric mobility, e.g. cell (re)-selection. (RAN2/3, Q3/2016) 
· Signaling reduction due to Paging, considering limiting the Paging transmission within a more limited area. (RAN2/3, Q2/2016) 
· Signalling reduction to CN over S1 interface due to mobility and state transitions by hiding them from CN. (RAN2/3, Q3/2016) 
· UE context storage and retrieval along with UE mobility across different eNBs. (RAN3/2, Q3/2016)
This contribution aims to provide an overview of the enhancements and benefits of the RAN initiated paging for UEs that are lightly connected e.g. suspended with active S1. It provides the 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. The contribution also provides key standard/specification impacts of the mechanism. 
2 Discussion
2.1 RAN originated paging mechanism and Rel-13 paging optimizations
In legacy networks, when the UE is in idle mode, it is known to the network at Tracking-area level and in connected mode, it is known at the eNB 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. During Rel-13 [2] paging optimization was introduced to provide assistance information to the MME from the RAN to optimize paging procedure. The assistance data includes recommended cells/eNBs lists and the MME will transparently store and use it for subsequent paging. This information, if available, is provided over UE Context Release complete message by the last serving eNB to the MME. These lists are formulated by the eNB using the UE history information IE and UE history information from UE IE that the UE provides potentially containing the list of visited cells after coming back from idle. The eNB may also have information on cells from neighbouring eNBs that are most likely for the UE to be camping on. 
It could be considered that the MME stores this assistance information for a given UE as part of its context. When the UE needs to be paged, the MME may provide this data as part of the S1-AP paging message and also page the recommended eNBs accordingly. It is thus to be noted that the eNB originates this information, and it is just stored in the MME for each UE. Therefore, if RAN originated paging mechanism has to be supported with assistance information, it is already possible. 

Observation 1. Rel-13 Paging optimizations can be used even with RAN originated paging mechanism for light connection as the assistance information for paging originates in the eNB. This data can be kept in the eNB along with the UE context for suspended UEs. 
Observation 2. If the UE is configured for light connection, S1 message signalling can be saved as the eNB need not transfer the visited cell list to the MME.  
2.2 Benefits of RAN based paging

During RAN3#91bis meeting, the way forward [3] agreed was to determine the benefits of RAN initiated paging over S1-AP paging given the recent paging optimizations introduced in Rel.13. In this section, we outline the functional benefits of using this paging mechanism, especially considering suspend-resume procedure as baseline and making it more efficient. The specifics of the DRX mechanism and the actual message used for paging UEs in light connection are up to RAN2 to decide.
S1 signalling savings This is the primary benefit of the RAN initiated paging mechanism. The endorsed CR [4] provides details on the UE CONTEXT SUSPEND REQUEST/RESPONSE and UE CONTEXT RESUME REQUEST/RESPONSE messages exchanged between the eNB and the MME to support the user plane solution of suspend-resume. These messages inform the MME about the state change of the UE and to support traditional S1-AP based paging. However, with RAN-based paging, these messages are not required and will help provide huge savings. 
Observation 3. If the core network is not informed of the UE state change to suspended mode to save on signalling, the S1-U between the last serving eNB and S-GW has to be maintained and eNB should be able to buffer the downlink data for those UEs. 
Further details on S1 signalling savings and benefits are discussed in [5].
Proposal. RAN3 to agree to maintain the S1 connection while the UE is lightly connected to hide the mobility and state transition from the core network and thereby eliminate the associated signalling messages. i.e. UE context suspend/resume procedures.
Efficient paging mechanism As part of the paging optimization, the provided recommended cell list is transparent to the MME, therefore, all the eNBs that are being paged will receive the complete recommended cell list even though the cells may not belong to that eNB. In RAN based paging, the last serving eNB could perform certain processing to break down the gathered recommended cell list and page the eNBs with their own cells accordingly. This increases the chances of the UE to be paged successfully.

Observation 4. It is efficient to apply the Rel-13 paging optimization through the RAN-based paging mechanism, as the eNB is aware of the cells that the UE can be paged at. 

Timer coordination and latency In legacy method, the NAS paging retransmission timer T3413 has to be carefully chosen by the network. It is a network wide timer and not UE-specific. Therefore, no matter what the paging DRX cycle is, for a given UE, there is only one network-dependent timer used to retransmit the page. When the paging is initiated by RAN, the MME and S-GW are not involved and therefore, there is no inter-dependency issue with timers across different nodes. 

Observation 5. With RAN based paging mechanism, the latency due to paging retransmission timer can be controlled according to QoS requirements of the UE. 

Finer control with UE-specific dynamic paging DRX settings In legacy paging mechanism, there are only four values [320ms, 640ms, 1280ms, 2560ms] of idle-mode paging DRX cycles supported with no flexibility of choosing other in-between values (except for extended DRX). Moreover, as the DRX cycle length parameter selection is done at the time of Attach/TAU, it would be challenging to adjust its configuration more dynamically based on UE requirements.With RAN-based paging mechanism, the UE may be configured dynamically with other values considering the trade-off between QoS/latency and power savings. 
Observation 6. RAN based paging mechanism allows for flexible paging DRX settings configured by the eNB to a lightly connected UE.
Moving away from S1-AP based paging to RAN-based paging, the S1 signalling may be eliminated (although it introduces certain signalling over X2) and it helps localize the expected signalling to a specific geographical area. 
In general, the figure below shows the high level overview of the RAN based paging mechanism. 
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Figure 1. Overview of RAN based paging mechanism
2.3 Paging Area

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 lightly connected UE, a RAN Paging Area (RPA) that could consist of a single cell or a group of cells potentially in different eNBs can be defined. The UE configured in light connection can move within this paging area without incurring any signalling. An agreed UE ID would be valid, unique and recognized at least within this area. Whenever there is downlink data for the UE, it would arrive at the last serving eNB of the UE where the S1 is kept. This would trigger X2 message to carry Paging to other eNBs within the Paging area.  
The RAN based paging area could thus be defined at RAN level with new paging area codes identifying a cell or a group of cells. This would mean that the serving cell needs to broadcast a new code and maintain the list of codes across different UEs. This might cause additional signalling bits in the broadcast information. The UE would need to perform RAN paging area Update procedure whenever it crosses the RPA boundary.  On the other hand, the MME-driven tracking area might be re-utilized such that the TA list provided to the UE could be coordinated with the eNB and the same methodology can also be used for RAN level tracking including the same tracking area update procedures. The eNB could simply intercept any uplink message (including TAU) from the UE to track the UE and page the UE using X2 based paging accordingly. Further details of the different options for defining paging area and the standard impacts are discussed in [6].
Observation 7. The Paging area concept for supporting the RAN based paging mechanism has to be defined. 
2.4 Specification impact 

When a UE is configured to act as lightly connected, the S1 is kept and the MME is not informed of the state change. Based on these conditions and utilizing RAN based paging mechanism, the following are the foreseen high-level RAN/CN specification impacts:
· X2 based paging support 
· Paging message definition

· Paging UE ID consideration

· DRX cycle configuration and PO/PF occasion definition [7]
· S1 based context retrieval (potentially)
· Paging area configuration and definition [6]
· RAN Paging area update messaging over Uu 

· MME to share TAI list with eNB 

· eNB to update paging area list to UE (only if necessary) 

· Data buffering at eNB 

3 Conclusion

The proposals of this contribution are listed below:
Observation 1. Rel-13 Paging optimizations can be used even with RAN originated paging mechanism for light connection as the assistance information for paging originates in the eNB. This data can be kept in the eNB along with the UE context for suspended UEs. 

Observation 2. If the UE is configured for light connection, S1 message signalling can be saved as the eNB need not transfer the visited cell list to the MME.  
Observation 3. If the core network is not informed of the UE state change to suspended mode to save on signalling, the S1-U between the last serving eNB and S-GW has to be maintained and eNB should be able to buffer the downlink data for those UEs. 

Observation 4. It is efficient to apply the Rel-13 paging optimization through the RAN-based paging mechanism, as the eNB is aware of the cells that the UE can be paged at. 

Proposal. RAN3 to agree to maintain the S1 connection while the UE is lightly connected to hide the mobility and state transition from the core network and thereby eliminate the associated signalling messages. i.e. UE context suspend/resume procedures.
Observation 5. With RAN based paging mechanism, the latency due to paging retransmission timer can be controlled according to QoS requirements of the UE. 

Observation 6. RAN based paging mechanism allows for flexible paging DRX settings configured by the eNB to a lightly connected UE.

Observation 7. The Paging area concept for supporting the RAN based paging mechanism has to be defined.
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5 Annex
The modified Suspend procedure thereby results in saving 4 messages. Since the network controls when the UE is placed in such a state, for e.g. when the history information indicates that the UE will potentially return to the same eNB, there is tremendous savings as the UE performs multiple suspend-resume procedure based on the traffic activity. The modified resume procedure is shown in figure 2b, while figure 2a shows the proposed resume procedure for CIoT UP solution. 
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Figure 1a. RRC Suspend procedure for CIoT UP solution 
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Figure 1b. RRC Suspend procedure for Light Connection UE 
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Figure 2a. RRC Resume procedure for CIoT UP solution (same cell)
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Figure 2b. RRC Resume procedure for CIoT UP solution (different cell)
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Figure 2c. RRC Resume procedure for Light Connection (same cell)
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Figure 2d. RRC Resume procedure for Light Connection (different cell)
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