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1. Introduction
In RAN2#94, the benefits of RAN-initiated paging over the existing mechanism initiated by the MME were discussed for signalling reduction to enable light connection for LTE [1]. The discussion led to the following constructive agreements [2]: 

	=>
S1 connection of a UE lightly connected is kept and active, in order to hide the mobility and state transitions from CN. For the UE lightly connected, the RAN initiated paging is feasible and beneficial in terms of signalling reduction as well as decreasing latency from RAN2 perspective. Thus the RAN initiated paging can be introduced from RAN2 perspective.


The agreement was liaised to RAN3 in [3], with the intention that “RAN3 can challenge our decision” as concluded in RAN2#94 [2]. 
In this contribution, the details of paging enhancement alternatives for Light Connected UEs are discussed, although some of the issues may still depend on RAN3’s decision. 
2. Discussion
2.1. Principle of paging enhancements 
2.1.1. Issues in the existing paging solutions 

Although RAN2 already identified “the RAN initiated paging is feasible and beneficial” [2], it’s useful to further discuss whether the solutions identified thus far have sufficient benefits to justify the change or if other alternatives should also be considered based on reasonable design principles. 
2.1.1.1. Paging optimizations for stationary or low mobility UEs 
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 [4]

 REF _Ref446620150 \w \h 
[5][6]. These Rel-13 mechanisms are efficient especially for UEs with low mobility, e.g., MTC UEs, but there may be 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 [6], 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. 
Observation 1 Paging optimizations introduced in Rel-13, e.g., the Recommended Cells for Paging IE within S1 PAGING, may work effectively only for stationary or low mobility UEs. 

Proposal 1 The paging enhancements should support UEs in all types of mobility conditions, not limiting to stationary or low mobility UEs. 
2.1.1.2. Deployments with smaller tracking areas 
The various solutions with RAN-initiated paging mechanism were proposed in RAN2#94 [7]~[15]. One of the key benefits among the solutions is to limit the paging area. It indeed contributes to reduce number of paging messages in a whole network, if the RAN-initiated paging area is set to a subset of a tracking area.  Similar gain may be achieved with a NW implementation today, e.g., the tracking area is configured with smaller region. But it has been pointed out that such a NW implementation will cause excessive Tracking Area Updates from UEs [16], whereby the overall signalling will likely increase. 
Observation 2 Although the number of paging messages can be reduced if a smaller paging area is configured, excessive Tracking Area Updates may not be preventable. 
Proposal 2 The paging enhancements should minimize the number of UL signalling due to UE mobility. 
2.1.2. Building blocks from agreement 
RAN2 agreed that “For the UE lightly connected, the RAN initiated paging is feasible and beneficial in terms of signalling reduction as well as decreasing latency from RAN2 perspective” [2]. It mentions the RAN-initiated paging helps with the reduction of both signalling and latency in Uu.  When “S1 connection of a UE lightly connected is kept and active”, the signalling of S1 PAGING is no longer needed and the latency due to S1-U connection establishment can be eliminated. However, from RAN2’s perspective, it’s still unclear how the RAN-initiated paging is useful for Uu signalling/latency reduction. 
Observation 3 It is unclear how the RAN-initiated paging is useful for signalling and latency reduction in the Uu link. 
In order to come up with a viable solution and move the discussion forward, the paging enhancements, e.g., the RAN-initiated paging, should be designed with the principles discussed in this section. 
2.2. Details of paging enhancements 
Some design alternatives/options for paging enhancements consistent with the above principles are provided in the following sections. 
2.2.1. Alternative 1: RAN-controlled DL transmission 
2.2.1.1. Paging message or Direct data transfer 
With the RAN-initiated paging, the eNB may notice the necessity of paging upon arrival of DL data for the UE, without relying on S1 PAGING, as pointed out in [7]
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[8]
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[10][12][13][14]
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[15]. The working assumption mentions “Light connected UE can be addressed only by the trigger of paging initiated by eNB or MME” [17], which suggests some sort of paging message is sent to the UE but the details are yet to be discussed. From the U-plane’s point of view, the difference between legacy paging (MME-initiated) and the new paging (eNB-initiated) is based on whether the DL data is still in the S-GW or has already arrived in the eNB, i.e., the routing in the CN is already done while S1 connection is kept and active. So, it would be worth considering whether the paging message is really necessary in this case, and the following options could be considered when the eNB receives DL data for a Light Connected UE; 

· Option 1: The eNB sends the (RAN-level) paging message to the UE. 

· This option is based on the assumptions in [8]

 REF _Ref455486934 \w \h 
[9]
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[12][14] that upon DL data arrival, the eNB sends a paging message to the UE, and the paging message may be similar to or can even reuse the existing Paging from Uu’s point of view [19]. However, it’s not crystal clear if the RAN-level paging is “beneficial in terms of signalling reduction as well as decreasing latency” in Uu. 
· Option 2: The eNB send the DL data directly to the UE, without any paging message. 

· With Option 2, paging messages are not needed over the Uu link. For example, the eNB may send the DL data immediately to the UE without sending a page.  Although this may mean the DL data need to be sent initially on more than one cell, the DL data volume can be managed efficiently such that the differences in the excess DL data send over multiple cells may be comparable to the amount of data needed for paging messages. The number of signalling messages may be reduced by sending the DL data over the intended paging occasion(s), to minimize the power consumption of UEs, similar to the existing DRX [18]. The main benefit of this option is the reduction in latency of sending the DL data due to the RTT of the paging procedure, e.g., Paging and RRC Connection Request [18][19]. The details should be further discussed and may be related to how to Light Connected is defined, including mobility aspects (UE-based or NW-based). 
Proposal 3 Upon DL data arrival at the eNB, RAN2 should discuss whether the UE should be first paged (Option 1) or if direct DL data transmission (Option 2) is preferable. 
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Figure 1
 RAN-controlled DL transmission options 

2.2.1.2. Paging area 
If Option 1 of the RAN-controlled DL transmission is selected, it should be further discussed if is the page is performed within a specific area, as in the existing tracking area.  The specific area may be just a subset of the tracking area as it’s assumed to be group of cells, i.e., the paging area concept already proposed in [7]
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[11][13][14]. It’s straight forward to introduce such a concept to minimize paging failure. The paging area may depend on the availability of X2 connectivity for the UE context fetch, mobility state of the UE, spectral efficiency and so on, but this is mostly up to NW implementation. 
Proposal 4 RAN2 should introduce the paging area, which consists of a group of cells to send a transmission to page the UE. 
It may be assumed that the UE mobility is transparent to the eNB as long as the UE is within the paging area, On the other hand, it should be discussed how the UE behaves when it moves outside of the paging area. To have a reliable paging procedure, there should be a mechanism for the UE to inform the serving cell of its exit condition, much like the existing Tracking Area Update mechanism. It’s FFS whether the information is provided before the reselection of an outside cell or after it happens. 
Proposal 5 RAN2 should discuss whether the UE should inform the serving cell when it moves outside of the paging area. 
2.2.2. Alternative 2: MME-controlled paging 

Since it isn’t clear whether RAN3 will accept RAN2’s perspective that RAN initiated paging should be adopted, it’s still possible the paging to the UE in Light Connected will need to be initiated by the MME, since the MME has in general the responsibility of mobility management (MM). Assuming the MME still needs to make the final decision, the following options may be considered; 
· Option A: The eNB informs the MME when the UE transitions to Light Connected. 

· As suggested in [13], with some extensions, the eNB and the MME are able to synchronize their knowledge of whether the UE is in Light Connected or not. Furthermore, it may be beneficial to include an update procedure for synchronization of the recommended eNB/cell [6] e.g., if the tracking area-level paging should be avoided considering UE mobility as discussed in section 2.1.1. 
· Option B: The eNB sends a “paging request” to the MME when DL data to the UE in Light Connected arrives. 

· With this option, the eNB only sends an indication to the MME when the paging is necessary. In other words, the frequent indications in Option A, i.e., IDLE (( Light Connected (( Connected messaging may be avoided. It may also prevent the potential CN impacts pointed out in [13], i.e., between the MME and the S-GW. As in the case for Option A, the paging request may contain the recommended eNB/cell, similar to the paging optimization in Rel-13 [6], in order to assist the MME in limiting the scope of the S1 PAGING. However, it’s questionable if it can really reduce the signalling and latency from S1’s perspective.
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Figure 2
 Signalling options of MME-initiated paging

Regardless of the options, the paging optimization [6] should be reused when the MME-initiated paging is chosen. With some enhancements as discussed above, the MME may use up-to-date information of the recommended eNB/cell when it initiates PAGING, while it’s currently provided only in UE CONTEXT RELEASE COMPLETE [5]. It could facilitate the MME to narrow down the scope of PAGING, i.e., the number of target eNBs, so it’s still beneficial for signalling reduction from S1’s point of view.  
Observation 4 It’s still possible to have the paging enhancements on top of the paging optimizations introduced in Rel-13 if the MME-initiated paging is chosen. 
From RAN2’s point of view, the issues discussed in section 2.1.1 may be avoided if the eNB knows the UE’s location and/or mobility status, e.g., by means of a notification from the UE upon cell reselection, whereby the recommended eNB/cell may be associated with the RAN-based paging area discussed in section 2.2.1.2. So, it’s worth discussing how the eNB knows the location of the UE even in IDLE, to prevent unnecessary pages. It may be solved by the combination of the paging area, i.e., Proposal 4, and the information, i.e., Proposal 5. 
Proposal 6 Even if the MME-initiated paging is chosen, RAN2 should discuss if it’s useful for the NW to know the location and/or mobility status of UEs in IDLE or Light Connected, when Rel-13 paging optimization is performed. 
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Figure 3
 Paging Area and Recommended Cells 
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: 
Observation 1
Paging optimizations introduced in Rel-13, e.g., the Recommended Cells for Paging IE within S1 PAGING, may work effectively only for stationary or low mobility UEs.
Proposal 1
The paging enhancements should support UEs in all types of mobility conditions, not limiting to stationary or low mobility UEs.
Observation 2
Although the number of paging messages can be reduced if a smaller paging area is configured, excessive Tracking Area Updates may not be preventable.
Proposal 2
The paging enhancements should minimize the number of UL signalling due to UE mobility.
Observation 3
It is unclear how the RAN-initiated paging is useful for signalling and latency reduction in the Uu link.
Proposal 3
Upon DL data arrival at the eNB, RAN2 should discuss whether the UE should be first paged (Option 1) or if direct DL data transmission (Option 2) is preferable.
Proposal 4
RAN2 should introduce the paging area, which consists of a group of cells to send a transmission to page the UE.
Proposal 5
RAN2 should discuss whether the UE should inform the serving cell when it moves outside of the paging area.
Observation 4
It’s still possible to have the paging enhancements on top of the paging optimizations introduced in Rel-13 if the MME-initiated paging is chosen.
Proposal 6
Even if the MME-initiated paging is chosen, RAN2 should discuss if it’s useful for the NW to know the location and/or mobility status of UEs in IDLE or Light Connected, when Rel-13 paging optimization is performed.
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