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1 Introduction

The Work Item on Signalling reduction to enable light connection for LTE was approved at RAN#71 [1]. In the last RAN2 meeting the following agreements have been made about RAN initiated paging:

1. Support of RAN initiated paging mechanism
2. The paging process is controlled by the “anchor eNB”.
3. "anchor eNB" controlled RAN based paging area
4. RAN based paging area can be configurable as UE specific.
5. 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.

6. UE lightly connected is required to notify the network when it moves out of the configured RAN based paging area.

7. The paging area can be configured as one or more cells from RAN2 point of view. The configured cells can come from different eNB.
In this contribution, based on the agreement above, we will discuss further aspects of RAN initiated paging.
2 Discussion 
2.1 Configuration of RAN based paging area
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Figure 1 RAN based paging area 
As agreed in the last RAN2 meeting, the RAN based paging area is controlled by the anchor eNB and the paging area can be configured as one or more cells belonging to same or different eNBs. If downlink data arrives in anchor eNB, the anchor eNB shall trigger X2 paging toward other eNBs in the paging area. In case the paging area includes the eNB which doesn’t have X2 connection with anchor eNB, the anchor eNB will not be able to send X2 paging to the eNBs without X2 connection to anchor eNB. One possible solution, proposed in [2], is to trigger X2 paging for the eNBs towards which the X2 is available and indicate the anchor eNB to trigger MME to sent S1 paging (instead of X2 paging) to those eNBs towards which a X2 interface is not available. However, the combination of X2 paging and S1 paging will cause additional complexity and delay. Thus the benefit of Light Connection will be reduced in this way. 
In addition, if the UE responds to paging in the eNB without X2 connection to anchor eNB, the new RRC connection shall be established to deliver data to the UE. However, the data which has already arrived in the anchor eNB has to be dropped in this case and data loss is unavoidable.
Observation 1: if the paging area includes the eNB which doesn’t have X2 connection with the anchor eNB, when DL data arrive in the anchor, the anchor eNB needs to indicate the MME to trigger S1 paging to the eNB which doesn’t have X2 connection with the anchor eNB, and this will introduce additional complexity and delay.
Observation 2: if the paging area include the eNB which doesn’t have X2 connection with the anchor eNB, when DL data arrive in the anchor, data loss will occur if the UE responds to paging in the eNB which doesn’t have X2 connection with the anchor eNB.
To avoid the data loss and additional signalling cost for S1 paging, it is beneficial to guarantee that the non anchor eNB in the paging area have X2 connection with the anchor eNB.
Proposal 1: As work assumption the non anchor eNB in the paging area shall have X2 connection with the anchor eNB.
In the last RAN2 meeting, regarding the paging area configuration, the options of a) list of paging area ID, b) cell list,  and c) reuse tracking area have been discussed. In this section we will further analyze these three options:
Option 1: List of paging area ID
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Figure 2: paging area with paging area ID


In this option, The cell group for a paging area could be preconfigured by OAM in the network side at cell group level, and all the cells belonging to one paging area broadcast the same paging area identity (e.g. PA=1, PA=2, etc) as shown in figure1. The UE may be configured with a list of paging area. The UE is able to know if the paging area changes or not by checking paging area identity in the system information broadcasting from the serving eNB. 
Option 2: cell list
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Figure 3: paging area of cells list
In this option, the anchor eNB configures a cell list to a lightly connected UE by dedicated signaling according the X2 availability and UE specific characters, for example UE speed, UE history information, etc., as shown in figure 3.
With this option, each UE may have different paging area. The UE is able to know whether it moves to a cell that belongs to the configured paging area or not by comparing the cell identifier of the serving cell with the paging area configuration received from the anchor eNB.
Option 3: reuse tacking area
In this option, no new paging area is introduced, and the UE uses the  current tracking area as paging area.

· Comparison of the three options

Regarding network deployment, since any eNB in the paging area could be an anchor eNB in option1 and option3, all X2 connections are required in the paging area (or tacking area in option 3), i.e., as shown in the figure 2, X2 connections between any two eNBs in the paging area are required, even for the eNBs that are not neighbours within the paging area. Especially for option 3, since the current tracking area is usually a larger area (for example hundreds of eNBs ), and it is configured by considering the Paging load and Tracking update load to MME, it may be difficult to use it as paging area for which all those X2 connections need to be considered.
For option 2, as shown in figure 3, the paging area is “anchor centric” paging area, which means X2 connections between an anchor eNB and the other eNBs are required, while X2 connections between the other eNBs in the paging area are not required. Even though option 1 is an efficient option in term of signalling cost in some implementation scenario where X2 is available in large scale, option 2 allows more X2 deployment flexibility than option 1 and shall be supported.
Proposal 2: The paging area configuration including cells list shall be supported.
ECI in system information could uniquely identify a cell in one PLMN, therefore, the cells list in paging area configuration could be a ECIs list. However, configuration of paging area by ECIs list may need large signalling size if the paging area includes lots of cells. One possible way to reduce the signalling size is to use eNB ID instead of cells list if all of cells in one eNB are included in the paging area. However, it is usually invisible to the UE how to split the eNB ID and cell in ECI to keep forward compatibility. Instead, the anchor eNB could configure a common part of ECI for part or all of the cells in one paging area to reduce the signalling size for paging area. For example, as shown in the figure below, the eNB1 comprises of 6 cells with ECI from 0000000000 0000010001 00000001 to 0000000000 0000010001 00000110. The 25 bits MSB are the common part of the ECIs of the cells in the eNB1. The size of the common part could be equal or larger than the eNB ID part. The anchor eNB could configure all cells in one eNB by one bit string by the common part of ECI. 
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Figure 4: common part of ECIs in paging area

Proposal 3: The paging area configuration could include common part of ECIs instead of ECIs list in case some ECIs in the paging area have the same common parts.
2.2 RAN based paging area update (RAN based PAU)
As agreed in the last meeting, “UE lightly connected is required to notify the network when it moves out of the configured RAN based paging area.” Once an eNB receives the notification for RAN based paging area update from a UE lightly connected, and the eNB (serving eNB) is not the anchor eNB of the UE, the serving eNB may trigger the context fetch towards the anchor eNB and reconfigure the new RAN based paging area to UE, then the serving eNB becomes the new anchor eNB of the UE. There also exists a scenario where no X2 is available between the serving eNB and the old anchor eNB. For example, as shown in figure 5 below, the paging area includes several eNBs and the serving eNB is not neighbor of the anchor eNB of the UE and thus maybe no X2 exists between the anchor eNB and the serving eNB. In such case the S1 context fetch procedure needs to be used instead. If the S1 context fetch is not supported, the paging area update procedure will fail in such case, and thus the old S1 connection cannot be released even though the UE has left the old paging area. Therefore, S1 context fetch shall be supported. The detail on context fetch could be found in [3].
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Figure 5 RAN based paging area update without X2 
Proposal 4: S1 UE context fetch from new eNB to anchor eNB needs to be supported.
2.3 Paging ID
In the current CN initiated paging, the UE index (IMSI mod 10) is used to calculate PF/PO. For RAN initiated paging, the UE index could also be used to calculate PF/PO. This is especially beneficial to ensure UE reachability in case of state mismatches between the UE and the network.
Proposal 5: use IMSI mode 10 to calculate PF/FP (as legacy) in RAN initiated paging.

In the current CN initiated paging, S-TMSI is transferred to the eNB in the S1 Paging message so that the eNB could use it as the paging ID included in the paging record to address the UE on the Uu interface. However in RAN initiated paging, the S1 Paging message is not needed and the eNB usually is not required to store the S-TMSI of the UE. Even if the eNB stores the S-TMSI for RAN initiated paging, S-TMSI may be relocated by MME transparently to the eNB. So it may not be appropriate to use S-TMSI as the paging ID included in the paging record for RAN initiated paging. Furthermore, usually each protocol layer provides its own UE identity to decouple the function definition of each protocol layer from the others. Therefore, a RAN allocated Paging ID is more suitable to be used as the paging ID in RAN initiated paging. For the lightly connected UE, to access the previously stored context by the network when performing paging area update, a unique RAN allocated UE identifier within an appropriate area is required to be introduced. If considered possible and beneficial, the Resume ID introduced in NB-IoT UP solution could be reused as the RAN allocated UE identifier. The RAN allocated Paging ID could use the same value as well.

Proposal 6: Resume ID instead of S-TMSI is used as the paging ID in RAN initiated paging.
2.4 Paging DRX Cycle
In the current specifications, the UE performs DRX cycle handling for RRC CONNECTED and RRC IDLE in different ways. For RRC CONNECTED UE, the UE uses the DRX cycle configured by eNB. For RRC IDLE UE, the UE paging DRX cycle is determined by the shortest of the UE specific DRX value, if allocated by upper layers, and a default DRX value broadcast in system information. Currently, the UE specific DRX value could be transferred to eNB in S1 paging message. However, if RRC IDLE DRX cycle is used for lightly connected state in RAN initiated paging, the eNB does not know the UE specific DRX cycle for UE, thus it may not align the DRX cycles used by UE. If RRC CONNECTED DRX cycle is used for lightly connected state, as proposed in [4], the anchor eNB could configure the DRX use in lightly connected state and the eNB does not need to know the UE specific DRX cycle configured by upper layer. 
Proposal 7: it shall be discussed whether to use IDLE mode DRX or CONNECTED mode DRX for lightly connected UE. 
3 Conclusion
In this contribution, we discussed the solution on RAN initiated paging for UE lightly connected, and made the following observations and proposals:
Observation 1: if the paging area includes the eNB which doesn’t have X2 connection with the anchor eNB, when DL data arrive in the anchor, the anchor eNB needs to indicate the MME to trigger S1 paging to the eNB which doesn’t have X2 connection with the anchor eNB, and this will introduce additional complexity and delay.

Observation 2: if the paging area include the eNB which doesn’t have X2 connection with the anchor eNB, when DL data arrive in the anchor, data loss will occur if the UE responds to paging in the eNB which doesn’t have X2 connection with the anchor eNB.
Proposal 1: the non anchor eNB in the paging area shall have X2 connection with the anchor eNB.

Proposal 2: The paging area configuration including cells list shall be supported.

Proposal 3: The paging area configuration could include common part of ECIs instead of ECIs list in case some ECIs in the paging area have the same common parts.
Proposal 4: S1 UE context fetch from new eNB to anchor eNB needs to be supported.

Proposal 5: Use IMSI mode 10 to calculate PF/FP as legacy in RAN initiated paging.

Proposal 6: Resume ID instead of S-TMSI is used as the paging ID in RAN initiated paging.
Proposal 7: It shall be discussed to use IDLE mode DRX or CONNECTED mode DRX for lightly connected UE.
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