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1. Introduction
Paging is used for both idle mode and connected mode UEs. In connected mode the UEs are paged to notify a change of system information, provide an ETWS notification or a CMAS notification. Even though the idle mode enhancement is set out as second priority in the revised WI [RP-11] and postponed the work until RAN #55, the paging enhancement for connected mode UEs should be investigated according to the first priority objectives of the WI.

In this paper, we discuss possible approaches for paging enhancement considering connected mode UEs.

2 Discussion
As per RAN1 discussion in Jacksonville, even though paging message transmission is possible in ABS subframe, the macro eNB could reduce the power of paging in the ABS subframes if the pico eNB intends to transmit PDSCH in the subframe. However, in order to guarantee the paging reception by macro UEs, the paging message should be transmitted by the macro eNB with full power. Ideally the paging message should be transmitted on non-ABS in the macro eNB. On the other hand, for reliable reception by pico UEs in the CRE region, paging should be transmitted in ABS subframes in the Pico cell.

The subframe patterns for paging subframes are subframe #9, subframe #9 and # 4, subframe #9,#4,#5 and #5 for FDD. For TDD the paging subframe patterns could take, subframe #0, subframe # 0 and #5, subframe #0,#1,#5 and #6.  Based on the specified paging subframe patterns it is not possible to have all paging subframes on non-ABS for macro cell and all paging subframes to be on ABS in the pico cell at the same time in frame synchronised network.  
With subframe shifting, it is possible to fulfil criteria for the paging subframe to be on non-ABS in macro and on ABS in pico. However, the feasibility and applicability of subframe shifting mechanism is yet to be investigated for TDD network.  In addition, the subframe shifting may also have impact on MBMS provisioning, when used together with ABS. 

For connected mode UEs, according to 36.331 section 5.3.2.2, 
“E-UTRAN initiates the paging procedure by transmitting the Paging message at the UE's paging occasion as specified in TS 36.304 [4]. E-UTRAN may address multiple UEs within a Paging message by including one PagingRecord for each UE. E-UTRAN may also indicate a change of system information, and/ or provide an ETWS notification or a CMAS notification in the Paging message.”

As per the specification, the connected mode UE is only required to listen to paging channels at UEs paging occasion. Information delivered on paging for connected mode UEs (system information change, ETWS and CMAS) is cell specific. Hence the same information is transmitted by the network on paging occasion throughout a paging DRX cycle. Even though the UEs in victim cell may not be able to receive the paging on its paging occasion due to the strong interference from the aggressor, the UE could read a paging occasion in ABS subframe. The only requirement is to have at least one ABS subframe corresponding to a paging occasion in paging DRX cycle.  
From the UE point of view the above requires modification to the UE behaviour. There are three possible alternatives which could be considered in allowing the connected mode UEs to read paging at different time to its own paging occasion.
Alternative 1: if the victim UEs paging occasion collides with non-ABS, the UE reads the next paging occasion which is in ABS in the given paging DRX cycle.
If restricted measurement is configured fro serving cell measurements, the UE could be considered as experiencing strong interference from the neighbouring cell, hence a victim UE. Based on the cell broadcast paging configuration information (defualtPagingCycle and nB), the UE could derive paging subframe used in the cell. Ns is calculated based on nB and the corresponding paging subframes for value of Ns is given in 36.304. If the UE is provided with the ABS subframes used in the cell, the UE could read paging message at the next paging occasion which is also an ABS subframe. This requires new signalling to inform the UE of the ABS used in the cell. In addition, the UE behaviour for reading paging message in connected mode needs modifying.

Alternative 2: the victim UE is reads a paging occasion during its on duration.

If the UE is experiencing strong interference from macro cell, the UE can only be scheduled in ABS subframe to guarantee reliable reception. This means that the UEs DRX on duration should have aligned with ABS subframes, if the UE is configured for DRX operation. Thus allowing the UE to read paging message while in DRX on duration is sufficient to receive the reliable paging reception as at least one ABS aligns with a paging subframe of the cell. The method doesn’t require the UE to know the ABS subframes used in the cell. However, the UE behaviour for paging reception in connected mode requires modification.

Alternative 3: the victim UE is provided with ABS subframes used for paging

Another alternative is to provide ABS subframe used for paging to the corresponding UEs. ABS subframes which overlapped with paging subframes are provided to the victim UEs. A dedicate RRC signalling could be used for the signalling as only the victim UEs are required to perform the paging reception on ABS subframes.
3 Conclusion 
This contribution discusses issues regarding paging reception by connected mode UEs in eICIC deployed cell. If the UE is experiencing a strong interference from the neighbouring cell, the UE can only be scheduled in a protected subframe. Hence paging reception by such a UE should also be performed on protected subframe of the cell. Three different alternatives are discussed. The alternatives could be considered for paging enhancement by a connected mode UE. All alternative have some specification impact and require modification to the UE behaviour. Even though the UE behaviour is required to modify with Alternative 2, it doesn’t require signalling modification. On the other hand Alternative 1 and 3 require signalling modification as well as the modification to the UE behaviour. Hence our preference is for Alternative 2.
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