3GPP TSG RAN WG2 Meeting #93bis
R2-162277
Dubrovnik, Croatia, 11th ~ 15th, April 2016
Title: 
RAN initiated paging optimization in light connection
Source: 
Huawei, China Telecom, HiSilicon
Agenda item:
8.9.1
Document for:
Discussion and decision
1   Introduction
The new work item on Signalling reduction to enable light connection for LTE was approved at RAN#71 in [1] and includes the following objective that needs to be discussed in this quarter:
· Signaling reduction due to Paging, considering limiting the Paging transmission within a more limited area. (RAN2/3, Q2/2016) 
As discussed in [2], The RAN initiated paging needs to be introduced to address a UE in lightly connected. In this contribution, we further discuss the eNB initiated paging.
2   Discussion
2.1   Paging area
The paging triggered by the MME is performed in TA (list) level. In Rel-13, to reduce the paging load, “Recommended eNBs for Paging” and “Recommended Cells for Paging” were introduced, and in case that “Recommended eNBs for Paging” is received by the MME, the MME may trigger the S1 Paging several times towards some of the recommended eNBs, then increase the number of the eNBs until it includes all the eNBs in the Tracking Area of the UE. In case that the “Recommended Cells for Paging” is received by the eNB, the eNB may trigger the Paging over Uu interface in some of the recommended cells and then increase the number of cells until it includes all the controlled cells in the Tracking Area of the UE.
This kind of step by step procedure could reduce the paging load if the UE is paged successfully before the paging is triggered in all cells in the Tracking Area of the UE. However, at the same time this may lead to several rounds of paging with different area scopes, and thus it may increase the paging latency. Furthermore, if the UE is not paged successfully before paging is triggered in all cells in the Tracking Area of the UE, the paging load may increase due to the repeated paging in several steps.

In light connection, considering that the mobility impacts for a lightly connected UE could be confined to RAN level, the RAN could track UE in a more precise paging area than The tracking Area to reduce the paging load without increasing the paging latency.
Proposal 1: Introduce RAN defined paging area for the RAN initiated paging.

Based on whether a lightly connected UE can always be located at the cell level or its location is known only in a group of cells (like URA_PCH), there are 2 options with regards to the design of RAN initiated paging area:
· Cell level paging
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Figure1: Location report and Cell level paging for a lightly connected UE
If the UE’s location is known to the cell level, the paging area could be limited to one cell. As depicted in figure 1, the eNB1 is the eNB where the S1 of the UE is kept and context of the UE is stored, and the cell2 of the eNB2 is the cell where the UE is camping. To achieve the cell level paging, the UE is required to report its location to the eNB1 through the location report which is forwarded from the eNB2 when the UE reselects to the cell2 from the cell1. When downlink data arrives, the eNB1 triggers the eNB2 to send the paging on the cell2 to page the UE.
· Cell group level paging area
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Figure 2: Cell group level paging for a lightly connected UE
If the UE’s location is known to the cell group level, the paging area could be limited to the cell group. As depicted in figure 2, the eNB1 is the eNB where the S1 of the UE is kept and context of the UE is stored, and the eNB2 is the eNB where the UE is camping. The UE may identify the paging area from the broadcast information, and the UE is not required to report its location if the UE moves to a cell2 which is in the same paging area with cell1. When downlink data arrives, the eNB1will send paging on cell1 and trigger the eNB2 to send paging on the cell2 to page the UE.

There are three signalling configuration options.
Option 1: implicit configuration 

This option is only suitable for the Cell level paging, i.e. the UE will renew its location as soon as the camping cell of this UE changes. The network does not need to explicitly configure the UE with the paging area.

Option 2: broadcast paging area configuration in SIBx
This option is more flexible than option 1, and it is suitable for both the Cell level paging and Cell Group level paging, since the network can configure only one cell or more cells within one paging area. However, all the UEs have to follow the same rule.
Option 3: dedicated signalling configuration
This option is the most flexible one. For a specific UE, the paging area could be configured by the dedicated signalling, and could be a specific cell or a group of cells. The UE may decide when to trigger a location report according to the configured paging area. With this option, the network could configure different paging area for different UEs according to the UE specific characters, for example speed, traffic patterns, etc, and thus the location report load and paging load could be balanced and controlled by the  network in an optimal way..  
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Figure 3: flexible paging area based on UE specific configuration
Proposal 2: It is proposed to use dedicated signalling to configure the paging area.
2.2   Paging ID
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, it may not use S-TMSI as the paging ID included in the paging record. Instead, a RAN allocated Paging ID is more suitable to be used as the paging ID in RAN initiated paging. 
Proposal 3: A RAN allocated Paging ID instead of S-TMSI is used as the paging ID in RAN initiated paging.

For the lightly connected UE, to access the previously stored context when performing location report, 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 4: the RAN allocated ID Paging ID could use the same value as the RAN allocated UE identifier.
2.3   Paging Cycle
In the current specifications, the UE paging 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 as defined in [4]. The UE specific DRX value could be transferred to eNB in S1 paging message. However, in RAN initiated paging, the eNB does not know the UE specific DRX cycle for UE, thus may not align the DRX cycles used by UE. 
Proposal 5: in RAN initiated paging, enhancement is needed so that the eNB could know the UE specific DRX.
3   Conclusion
In this contribution, we discussed the paging optimization for a lightly connected UE and propose:
Proposal 1: Introduce RAN defined paging area for the RAN initiated paging.

Proposal 2: It is proposed to use dedicated signalling to configure the paging area.
Proposal 3: A RAN allocated Paging ID instead of S-TMSI is used as paging ID in RAN initiated paging.

Proposal 4: the RAN allocated ID Paging ID could use the same value as the RAN allocated UE identifier.
Proposal 5: in RAN initiated paging, enhancement is needed so that the eNB could know the UE specific DRX.
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