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1
Introduction
At SA2#112, SA2 technically endorsed the TS 23.401 CR in [2] which introduces the control plane cIOT EPS Optimization and the CR in [3] for the user plane solution 18. In section 5.3.4B.3 of [2] multiple paging strategies are listed for the MME for the control plane DONAS feature. However tdoc [3] does not adress the same topic.
This paper investigates the paging strategies for the MME for the user plne solution 18.
2 Discussion
The control plane solution (solution 2 of the TR) relies on NAS transport capabilities over S1AP and RRC from the UE to the MME and transport over GTP tunnels between the MME and the SGW (then PGW). 

The following call flow from [2] illustrates the solution for the mobile terminated case: 
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Figure 1: Mobile Originated Data Transport in CP cIOT Optimization
The Step 3 of section 5.3.4B.3 of [2] clarifies that the Paging strategies may be configured in the MME. Paging strategies may include:

-
paging retransmission scheme (e.g. how frequently the paging is repeated or with what time interval);

-
determining whether to send the Paging message to the eNodeBs during certain MME high load conditions;

-
whether to apply sub-area based paging (e.g. first page in the last known ECGI or TA and retransmission in all registered TAs).

The last statement raises the question of the interaction of the DONAS feature with the “Paging Optimization” feature on which RAN3 has been working for the last 6 months.
Indeed, a large range of NB-IOT devices can be assumed to be low mobility and therefore comply with the requirements for which the “Paging Optimization” feature had been introduced. 
Those NB-IOT devices are likely located in the same last serving cell or a few recommended cells.

For DONAS the requirement has well been captured in the following (still step 3 of section 5.3.4B.3 of [2]):


If the Information On Recommended Cells And ENBs For Paging is available in the MME, the MME shall take that information into account to determine the eNBs for paging and, when paging an eNB, the MME may transparently convey the information on recommended cells to the eNB.

For DONAS the “paging optimization” feature can be readily reused because for both MO and MT cases, the S1 release procedure (section 5.3.5 of TS23.401) is being reused and therefore the list of recommended cells can be included in the S1AP UE Release Complete message from last serving eNB towards the MME.
However, for the user plane solution described in [3], the return of the UE into cIOT idle state is triggered by a new suspension  Request message from the eNB to the MME.  
More precisely, in section 5.3.5A of [3] the eNB first informs the MME that it intends to suspend the UE by sending in the step 1 a S1AP UE Deactivate Context message. 
Thereis no further message sent from the eNB to the MME to provide the list of recommended cells.
Not taking advantage of the “paging optimization feature” for NB-IOT devices in solution 18 while they are taken into account for solution 2 would degrade the performance of the solution 18.

Proposal 1: add the List of recommended cells and eNBs IE in the S1AP UE Deactivate Context message.

Moreover, it should be considered that in section 4.X of [3] the transfer of context between eNBs has been specified as follows:
To maintain support for User Plane CIOT EPS Optimizations at UE mobility between cells configured on different eNodeBs, the AS Context should be transferred between the eNodeBs
This means that it is possible that the new eNB has received the UE context. However it is cumbersome to check if there is UE context at every paging: it is sufficient that the eNB retrieve the UE context when eNB receives the RRC Resume message. See tdoc [4].

It follows from [4] that when the eNB receives the paging message, it would page in all cells of the eNB/TAIs whereas the UE may be located in one or two recommended cells.

It is therefore proposed that the MME should also include the list of recommended cells when paging NB-IOT UEs in suspended mode in order for eNB to optimize the paging.

Proposal 2: add the List of recommended Cells IE in the S1AP Paging message for NB-IOT UEs when it is available.

3 Conclusion and Proposals
This paper has analysed the interaction between the cIOT UP solution 18 and the paging optimization feature introduced by RAN3 in release 13.

It is proposed to have solution 18 take advantage of this feature by accepting the two following proposals:

Proposal 1: add the List of recommended cells and eNBs IE in the S1AP UE Deactivate Context message.

Proposal 2: add the List of recommended Cells IE in the S1AP Paging message for NB-IOT UEs when it is available. 
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