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1. Introduction
In RAN#71, the new work item on Signalling reduction to enable light connection for LTE was agreed [1]. According to the approved WID [1], the study phase is planned before the normative work and the objective in the initial phase is as follows; 

	In the study phase, investigate potential solutions for the following aspects, taking into account both UE mobility and traffic pattern:
· 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)
· Necessity of a new RAN based state (RAN2, Q3/2016)


From the perspective of RAN2, the Signalling reduction due to Paging is identified for the initial discussion of the study. In this contribution, possible issues in the current paging mechanism are discussed. 
2. Discussion
The paging message is used to inform the UEs of the availability of MT calls, the notification of SI update, ETWS, CMAS, and EAB parameters modification, and the trigger of load redistribution [2]. It was reported in [3] that the paging message makes up 26.8% of overall RRC signalling load, as statistics in practical LTE networks. Considering all IEs other than the paging information are defined with 1-bit encoding type such as ENUMERATED {true} in Paging [2], the paging information, i.e., pagingRecordList, is the dominant cause of the signalling load due to a paging message. So, it’s effective to consider how the actual paging information contents can be reduced for MT calls, e.g., due to S1 PAGING. With such a reduction, it would be possible to reduce the number of transmitted bits within a paging message and the option for the NW to vary the number of the paging transmissions. 
Proposal 1 RAN2 should prioritize the study on the reduction of paging information conveyed within paging messages, i.e., the paging record lists. 
2.1. RRC states 
The easiest way to significantly reduce the number of paging messages would be to force all the UEs in a tracking area to stay in Connected, but it’s also the wrong approach from the UE’s power consumption point of view. So, this should not be used as the basis for signalling reduction of the paging message. 
Proposal 2 UEs should not be kept in RRC Connected, i.e., Rel-13 connected mode just to reduce the number of pages. 
It also necessary to evaluate the RRC connection suspend/resume procedures, i.e., the UP solution for NB-IoT, although it’s still an on-going discussion in RAN2. Based on the agreements so far [4]

 REF _Ref446618071 \w \h 
[5], it may be assumed that the RRC connection resume is used for the UE to transition from IDLE to Connected, i.e., the UE stays in IDLE when the RRC connection is suspended. Thus, it is necessary for the NW to page the UE in the Suspend mode for MT calls. This means the gains from paging content reduction cannot be realized if the size of PagingUE-Identity is not significantly different, e.g., difference in the length between the resume ID and S-TMSI/IMSI is small. It is also necessary to consider the number of additional paging transmissions that may be needed as a result of the Suspend mode.
Observation 1 Even if the UE is in RRC Suspend mode, the NW will still need to page the UE for MT calls. 
2.2. UE mobility 
Before Rel-13, paging messages were transmitted in all cells within a tracking area, regardless of whether the target UE(s) is actually located in the cell transmitting the message. In Rel-13, the paging optimizations were introduced by RAN3 and SA2 for the signalling reduction on Uu as well as S1, e.g., the Recommended Cells for Paging IE within S1 PAGING [6]
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[7][8]. These Rel-13 mechanisms are efficient especially for UEs with low mobility, e.g., MTC UEs, but there may be a room for further optimizations considering UEs with normal mobility, e.g., smartphones. For example, even when the MME determines from/informs the eNB of the recommended eNB/cell within S1 PAGING based on its knowledge of Information On Recommended Cells And ENBs at transition to ECM IDLE [8], the UE upon this MT call may have already moved outside of the recommended eNB/cell. This would result in missed pages, and the resources used for the pages are wasted. It may be avoided if the eNB knows the UE’s location, e.g., by means of a notification from the UE upon cell reselection. So, it’s worth discussing how the eNB knows the location of the UE even in IDLE, to prevent unnecessary pages. 
Proposal 3 RAN2 should discuss if it’s useful for the NW to know the location of UEs in IDLE. 
3. Conclusion 
In this contribution, the issues in the current paging mechanism are discussed from the perspective of signalling reduction and the initial considerations are provided.  RAN2 is kindly asked to take into account the observations/proposals below: 
Proposal 1
RAN2 should prioritize the study on the reduction of paging information conveyed within paging messages, i.e., the paging record lists. 
Proposal 2
UEs should not be kept in RRC Connected, i.e., Rel-13 connected mode just to reduce the number of pages.
Observation 1
Even if the UE is in RRC Suspend mode, the NW will still need to page the UE for MT calls. 
Proposal 3
RAN2 should discuss if it’s useful for the NW to know the location of UEs in IDLE. 
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