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1
Introduction 
In latest RAN plenary, a study item RP-110438 “HetNet mobility improvement for LTE” [1] was approved. One objective of this SI is:
· Identify and evaluate HetNet mobility performance under established Rel-10 eICIC features e.g., Almost Blank Subframe
Considering ABS may be employed to overcome the serious downlink control signalling in Macro-Pico and Macro-Femto scenarios and it may collide with PO (Paging Occasion). On the other side, to ensure backward compatibility, some of necessary control signalling would still be transmitted at ABS. Therefore, it may have some impacts on paging reception for a UE in HetNet with established Rel-10 eICIC features. In this contribution, we identify the problem of paging reception and discuss possible solutions.
2
Discussion

To simplify the discussion, we take Macro-Pico scenario and FDD system as an example for discussion: 
In Rel-10 network, the PO in FDD could appear at #0, #4, #5, and #9 sub-frames and there are three PO patterns ({#9}, {#4, #9}, {#0, #4, #5, #9}) as defined in [2]. An eNB can determine which PO pattern be used by setting the parameter of nB in RadioResourceConfigCommon IE. A UE would determine its belonged PO based on its UE_ID and the parameter nB. In Macro-Pico scenario, a Pico UE (victim) may be interfered by neighboring Macro eNB and unable to decode the downklink control signaling (e.g. PDCCH) successfully.  A Macro eNB may configure ABS to let Pico eNB schedule the victim UEs at those sub-frames. However, to ensure backwards compatibility, a Macro eNB would transmit necessary control signaling (MIB/SIB/Paging) in ABS but how to make the transmission is TBD. Under the configuration and scheduling, three possible cases of relation between ABS and PO pattern are further discussed:

· Case 1: ABS is not collided with any PO pattern:
For example, a Macro eNB configures #1 sub-frame as ABS and it is not collided with any PO pattern. In this case, it is no problem for a Marco eNB to transmit its paging message as Rel-8/9 network to its Macro UEs. But, for a Pico UE, depending on its belonged PO and location, it may have problem to receive paging message due to the interference from the Macro eNB when its location is in the cell edge of Pico eNB. 
· Case 2: ABS is collided with one of PO pattern:

For example, a Macro eNB configures #4 sub-frame as ABS. On the other side a Macro eNB chooses {#9} as its PO pattern and a Pico eNB chooses {#4, #9} as its PO pattern. In this case, a Pico UE could successfully receive its paging message when its PO is allocated at #4 sub-frame no matter its location is in cell edge or cell centre. Oppositely, for Pico UEs whose PO is allocated at #9 sub-frame, as analyzed in case 1, they may have problem on paging reception if their locations are in cell edge.
· Case 3: ABS is collided with all PO pattern:

For example, a Macro eNB configures #0, #4, #5 and #9 sub-frames as ABS which collided with all PO patterns. Following the ABS definition, a Macro eNB may transmit paging message with low power to improve the paging reception quality of Pico UE. Unfortunately, this implementation would hurt Macro UEs’ paging reception especially when they locate away from the Macro eNB. Besides, configuring many ABS may degrade the system capacity and more evaluation is needed. Alternatively, a Macro eNB may transmit the paging message as Rel-8/9 network even the sub-frame is configured as ABS. With this kind of implementation, similar to case 1, a cell-edge Pico UE will have problem on paging reception if its PO is not in ABS. 
Through the analysis, we can observe that a UE in HetNet would have problem on paging reception. With appropriate arrangement and implementation on the ABS and PO, it could eliminate the paging reception problem for aggressor UE and victim UE. However more designs are required to improve the performance.
Observation 1: UE in HetNet might have problem on paging reception even if ABS is configured.

Proposal 1: RAN2 should consider how to improve the paging reception in HetNet. 
A natural way to improve the paging reception in HetNet is to stagger PO pattern at different sub-frame for different type of eNB. Afterward an aggressor eNB (e.g. Macro eNB) could further configure identical ABS pattern with the PO pattern set in victim eNB (e.g. Pico eNB) to avoid interference. However the PO patterns are common for eNBs in Rel-10 network and modifying it will cause problem on backwards compatibility support. Alternatively, we assume the ABS configuration is decoupled with the PO pattern and propose an eNB may proactively redirect the UE to appropriate eNB for its paging reception based on the configured ABS.  To support the feature, a Pico eNB may identify the UE’s PO and verify whether it is collided with the ABS in neighbouring Macro eNB before recommending that UE going to idle. If collision happens, the UE would be more suitable to stay on Pico eNB for its paging reception. If collision does not happen, the UE would fail to receive the paging message when its location is in the cell edge. By the way, it is more appropriate to redirect the UE to neighbouring Macro eNB for its paging reception. A PCI indication of the redirecting target may be attached in RRCConnectionRelease message to facilitate the redirecting. Otherwise, without redirecting, the UE may need additional efforts to perform cell selection when paging reception is failed. Furthermore, if redirecting is performed and target eNB is belonged to different TA (tracking area); the source eNB is required to update the UE location to network. With the negotiation, it can skip the location update process in UE when redirecting. 
Observation 2: From both eNB and UE point of view, it is helpful to redirect a UE to appropriate eNB for the paging reception before going to idle. 
Proposal 2: RAN2 should consider an eNB has the capability to redirect a UE to other eNB for paging reception before going to idle.

An idle UE may perform cell selection to select a weaker Pico eNB for supporting the offloading between Macro eNB and Pico eNB. Consequently the idle UE may face the problem on paging reception when migrating from a Macro eNB to a Pico eNB. Unlike previous approach, an eNB in the same TA is not aware of the idle UE and unable to redirect the UE to appropriate eNB in advance. Once the UE fail to receive the paging message, it may perform cell selection again to back to the neighbouring Macro eNB. This condition would cause inappropriate cell selection and introduce more efforts. To overcome the issue, it is helpful for an eNB to broadcast its ABS configuration in system information. Thus an idle UE could make appropriate cell selection based on the information. For example, an idle UE can evaluate its PO and the received ABS configuration information from Macro eNB. If its PO is not collided with ABS, the UE may choose not to select a Pico eNB for paging reception until the Pico eNB has much stronger RSSI. Otherwise, the UE may select a Pico eNB to support the offloading.
Observation 3: Broadcasting ABS configuration information may avoid inappropriate cell selection and improve the paging reception performance in HetNet.

Proposal 3: It is suggested that an eNB could broadcast ABS configuration information in its system information to improve the HetNet mobility performance.
3
Conclusions
According to the discussion in section 2, we propose the following:

Proposal 1: RAN2 should consider how to improve the paging reception in HetNet. 

Proposal 2: RAN2 should consider an eNB has the capability to redirect a UE to other eNB for paging reception before going to idle.

Proposal 3: It is suggested that an eNB could broadcast ABS configuration information in its system information to improve the HetNet mobility performance.
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