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1 Introduction
In RAN2#93bis meeting, there were some initial discussions on paging signaling optimization for light connection, and the following working assumptions were achieved.

=>
Work assumption to study the paging enhancement is “S1 connection of a UE lightly connected is kept and active, in order to hide the mobility and state transitions from CN”

=>
Work assumption: Light connected UE can be addressed only by the trigger of paging initiated by eNB or MME.
According to the WS, two alternatives on the paging procedures, i.e. MME-initiated or RAN-initiated, are put forward and needs further discussion. In this document we analyze these two alternatives and related issues, and make a comparison.
2 Discussion
· Alternative 1: MME-initiated paging
In alternative 1, upon downlink data arrival, the MME initiates the paging procedure by transmitting the PAGING message as shown in figure 1. Because the UE in light connection has an active S1 connection with MME, MME needs to be aware of the UE states, otherwise no S1 paging will be triggered. 

If UE reports its location to MME immediately after it connects to a new eMN, the MME sends the PAGING message to the eNB with cell the UE is connected to at present. If UE does not trigger real-time location update reporting to MME, the MME will not be aware of which cell the UE is belonging to, and thus it will sends the PAGING message to each eNB with cells belonging to the tracking area(s) in which the UE is registered.
In Uu interface, legacy paging mechanism is applied.



Figure 1: MME-initiated paging procedure

· Alternative 2: RAN-initiated paging
In alternative 2, upon downlink data arrival, because the UE in light connection has an active S1 connection with SGW, SGW will send the DL data directly to the eNB which help UE keep the S1 connection. In the following analysis, we take the assumption that UE in light connection will report its location to the old eNB right after it moves to a new one. If no cell update indication received from the UE, the eNB will buffer the data and originate paging towards the UE (Figure 2(a)). Otherwise, the old the eNB will directly forward DL data to the new eNB, the new eNB will buffer the data and originate paging towards the UE (Figure 2(b)). 
Paging procedures presented above are exemplary ones and do not present all options available. For example, the old eNB may initiates the paging procedure, and forward the PAGING message instead of DL data to the new eNB or to each eNB with cells belonging to a specific area(s) in which the UE is preconfigured.
Besides the new paging procedure which needs further study, paging ID in this alternative also needs reconsideration. Either UE’s S-TMSI is available in eNB or a new paging ID allocated by eNB should be used.
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Figure 2: RAN-initiated paging procedure

3 Comparison
Table 1 compares the two alternatives depicted in section 2. 
Table 1: Pros and cons of alternatives 1 and 2
	
	Pros
	Cons

	Alternative 1
MME-initiated
	· legacy paging mechanism in Uu
	· MME/SGW needs to know that UE is in light connection 
· High S1 signaling cost
· Location update reporting to MME may be needed

	Alternative 2
RAN-initiated
	· MME is not impacted
· S1 signaling cost can be saved
	· New paging procedure in Uu
· New UE ID are needed if S-TMSI is not available in eNB


Although alternative 1 can use the legacy paging mechanism in Uu, it impact CN and cause high singling overhead, which cannot fulfill the objective of this work item that is to reduce the radio and network interfaces signalling overhead and to hide state transitions from CN [1]. To lighten paging load and save S1 signaling cost for UE in light connection, alternative 2 is preferable.
In addition, based on discussions carried out in RAN3 for NR topic, the following text proposal related to this issue is agreed and included in RAN3 TR38.801 [2].
The RAN3 impact of a UE operational mode during periods of no traffic should be explored in the Next Generation Systems and New Radio (NR) work. For instance upon reception of DL data, RAN could notify the UE.
In order to avoid duplication of effort between LTE and 5G discussion and help accelerate both discussions, we think it is prefer to keep the paging mechanism for this similar issue consistent.
4 Proposal
The paper discussed two alternative schemes of paging for UE in light connection and made a comparison. In conclusion, we propose that alternative 2 RAN-initiated paging to be selected as a basis for further paging discussion.
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