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1. Introduction

SA2 is working on the MTCe (Machine-Type and other mobile data applications Communications Enhancements) work item and has discussed and documented potential solutions for several key issues in the TR 23.887[1].

In the LS response [3] and feedback on MTCe-SDDTE solutions, RAN2 has provided that “in terms of radio signaling overhead, for stationary UEs the most efficient solution is to keep them in connected mode. RAN2 believes that this approach is feasible for ‘frequent’ (small) data transmissions.”

At this RAN3#81 meeting, RAN3 is further receiving an LS from SA2 in [5] where SA2 explains the advantages of the corresponding 5.1.2.3.1 solution and request RAN groups for support.  
Parameters like the user inactivity timer and the connected DRX timer are currently determined locally at the eNB. Within solution 5.1.2.3.1 SA2 specified in TR 23.887 [1] a new CN assistance information procedure over S1AP enabling the eNB to optimize the setting of these parameters in order to reduce the frequency of idle-active transitions, minimize network signaling, and save UE battery consumption. 

In this paper we present a specific handling of handover when using solution 5.1.2.3.1.
2. RAN considerations for keeping the UE in connected mode

2.1  Description
In order to minimize UE state transitions, solutions can be defined to keep the UE in connected mode while reducing the signalling overhead (e.g. modifying the value of the parameters for measurement reporting and handover behaviour) and power consumption (e.g. adjusting the DRX cycle) resulting from connected mode.

For this solution, the eNB may employ the user inactivity timer to a longer value. The purpose is to reduce the signallling overhead of frequent RRC connection establishments. The main benefits of the solution are: it doesn’t have specification change to the protocol, and greatly reduces the signaling overhead.

2.2  Challenges
However, there are several challenges for this solution: the number of HO would increase when using longer user inactivity timer. For fast moving UEs, the HO signalling would increase even more than the signalling of RRC connection establishment.
From the point view of applicability, this solution is therefore more efficient for frequent data transmissions and low/middle UE velocity. 

To make an optimal decision on when to keep the UE in CONNECTED and when in IDLE is required.

3. Handover Optimization
The optimum trade-off between state transition and handover signalling depends on the cell sizes and UE movement. Therefore, for the decision about keeping UE in connected mode for a longer time would require a prediction about the UE mobility in order to be able to assess how much handover signalling can be expected. 

We observed that if a HO procedure is performed before the long inactivity timer expires, there is no data to be handed over. Thus, data transfer procedure for HO is not required. So, on HO trigger, the CONNECTED mode could be terminated without performing a HO ahead of the long inactivity timer expiring since that there is no data to be forwarded.

3.1  Message sequence for handover within LTE

In RRC_CONNECTED, the E-UTRAN controls mobility by ordering the UE to perform handover to another cell. The message sequence for the procedure for handover within LTE is shown in Figure 1 [4].
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Figure 1: Handover within LTE

The table here-below compares the signaling of HO procedure and that of RRC connection establishment:
	
	Handover
	RRC connection establishment

	Handover preparation
	(
	

	RRC Connection Reconfiguration (source eNB)
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	Random access procedure
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	RRC connection request
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	RRC connection setup
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	RRC connection reconfiguration (target eNB)
	(
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	Security keys
	(
	(

	Path Switch
	(
	

	Initial UE message
	
	(

	Initial context setup
	
	(


We can find that the signaling to initiate a new RRC connection establishment is not that much larger than the signalling in a handover procedure. If there is more than one handover procedure before the inactivity timer expires, the more the signaling overhead would be. 

3.2  Proposed procedure

Figure 2 shows the proposed handover and connection release procedure of the Small Data Transmission UE in long connected mode. 
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Figure 2: Proposed handover and connection release procedure

When the handover will happen immediately and there is no data to be handed over, to keep the UE in connected mode is not valuable for the purpose of signalling saving. This scheme optimizes the time of keeping UE in connected mode which does not require a prediction about the UE mobility.
Proposal 1: eNB uses a Short and a Long user inactivity timer. If handover happens before the expiry of the Long inactivity timer the connection is released with the cause “handover triggered”, otherwise the connection is released at the expiry of the Long inactivity timer with the cause “user inactivity”.  
3.3 Proposed CN Assistance Information
Figure 3 provides an example call flow whereby the MME provides CN and/or RAN assistance information to the eNB during the setup of the signaling connection. Based on the above discussion, the CN assistance information could include (amongst others) the indicator of longer inactivity timer used and enable RRC release due to handover.
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Figure 3: Core Network assisted eNB parameters tuning for small data transfer

The RAN may also help the MME additionally by the transfer of RAN assistance information to the MME e.g. the value of the user inactivity timer if release cause is “user inactivity”, the current count of inactivity time if the release cause is “handover”. The MME can further use it to improve the CN assistance information.

Proposal 2: at S1 context setup the MME provides assistance with Long user inactivity timer used. At S1 Release, RAN provides the “user inactivity timer” value if the release is due to user inactivity, or the “period of inactivity” value if the release is due to handover.
4. Conclusion and proposal
The trade-off between long stay in connected mode implied by SA2 solution 5.1.2.3.1 and the increase of signaling due to handover has been studied in this paper. The following proposals are made:

Proposal 1: eNB uses a Short and a Long user inactivity timer. If handover happens before the expiry of the Long inactivity timer the connection is released with the cause “handover triggered”, otherwise the connection is released at the expiry of the Long inactivity timer with cause “user inactivity”.  

If agreed, then it is proposed to liaise back SA2 and RAN2 with the following associated proposal for the “CN assistance data” for long connected solution 5.1.2.3.1:
Proposal 2: as part of the “CN assisted eNB parameter tuning” of solution 5.1.2.3.1, at S1 context setup the MME provides assistance with Long user inactivity timer used. At S1 Release, RAN provides the user inactivity timer values if the release is due to due to “user inactivity”, or the “elapsed period of inactivity” value (prior to the release) if the release is due to “handover”.
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