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1
Introduction

After the RAN#71 meeting, a new WI "Signalling reduction to enable light connection for LTE" was agreed [1], which aims at alleviating the signalling burden caused by UE transition between the CONNECTED and IDLE states. During the RAN2#93bis meeting, a number of contributions were made in which proponents expressed their initial view on how a light connection can be technically implemented and introduced to the LTE system. After the RAN2#94 meeting, RAN WG2 made further progress and based on simulations results submitted by a number of proponents the LS was sent to RAN WG3 indicating that RAN WG2 sees benefits in this feature. After the RAN2#95 meeting, RAN WG2 made a number of agreements concerning the light connection mode, whereupon companies have also discussed about general principles of how a UE can be configured to the  light connection mode, how the UE will resume from this state, etc. However, one of the major open issues is a set of signalling procedures to re-configure a UE between different operational modes when the latter stays under the same eNB and moves between different eNB and paging areas.
In this discussion paper we concentrate on and present a general view for signalling procedures of the light connection mode covering both RAN2 and RAN3 aspects, pointing out that that we can leverage existing signalling from the CIoT framework.
2
Signaling procedures for light connection
As agreed formally during the RAN2#95 meeting, while reconfiguring a UE to the light connection mode, both the UE and the "anchor" eNB keeps the UE context. However, while moving around the paging area, a UE can end up to another eNB, which may belong to the same or to a different paging area. For the sake of further simplicity, we will consider separately a case when a UE stays in the same area and when the UE crosses paging area boundaries.

2.1
Same paging area
If a UE stays within the same paging area without a need to exchange data with the network, i.e. there is no mobile-triggered or mobile-terminated call, then we do not expect the UE to send any message to the network, which aims at eliminating unnecessary signaling load. On the contrary to it, since a UE may start exchanging data being in a different eNB, there should be a way to ensure that the corresponding eNB has the UE context information. In principle, we can re-use the UE context retrieve procedure so that once a UE gets an access to a new eNB, the corresponding information is transferred to it. Figure 1 illustrates an exemplary set of signaling messages exchanged between network elements for the mobile originated and mobile terminated calls. As can be seen, the common denominator is that a UE sends a message through a new eNB, after which the UE context is fetched and moved to the new location. The only difference between these two cases is either a UE sends an RRC message as a result of presence of the UL data or as a result of received paging message transmitted through the whole paging area.
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Figure 1: Set of exemplary signaling messages for the MO and MT calls

As can be seen from Figure 1, we can in principle re-use the RRC messages introduced by the CIoT framework to indicate to the network that a UE has UL data (or has received the paging indication from the network), after which following an existing procedure the network will provide a configuration for the CONNECTED mode. It must be noted that the RRC ConnectionResumeRequest message must have the corresponding indicator (either implicit or explicit) so that the network knows that a UE must stay in the CONNECTED mode and this is not a RAN area update procedure.

2.2
Different paging area (X2 is present)
There can be also a case when a UE just crosses the paging area border without being paged or having data in its UL buffer. If X2 interface is available, then we can follow the same principle as in mobile-originated call whereupon a UE context will be moved to a new eNB in a new paging area, as presented in Figure 2a. Referring to that figure, the only essential difference when compared to the mobile-originated call is that once eNB has received the RRC ConnectionResumeRequest message from the UE, the former will ask a UE to move back to the light connection mode.
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Figure 2: Set of exemplary signaling messages for the paging area change
2.3
Different paging area (X2 is absent)
Referring back to section 2.2 and signaling procedures depicted in Figure 2(a,b), we made an assumption that there is the X2 interface between the source and the target eNB, even though they belong to different RAN paging areas. However, as indicated in [16], there are cases when eNBs do not have X2 established interface, which can be easily the case for two eNBs belonging to different RAN paging area (in fact, one way to build RAN paging areas is to group together eNBs that have X2 interface established between them).

To overcome this problem, we also suggest relying upon existing signaling that allows establishing the UE context at the target eNB through MME. As exemplified in Figure 3 below, if the target eNB does not have the UE context and cannot contact the source eNB either, it cannot "accept" the resume procedure but rather will trigger the establishment of the RRC connection. If a UE sends a NAS message to MME (e.g. TAU), then upon reception of that message the MME can release the UE context at old eNB and provide the corresponding information to the new one. The new eNB will be in charge of deciding which actions to take next, including a decision to move a UE to the light connection mode.
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Figure 3: Set of exemplary signaling messages for the paging area change 

(no X2 interface)

A more thorough analysis of different options for this use scenario can be found in [2].
3 Conclusion
In this discussion paper we have presented a high level overview of the signaling procedures between network entities for a few most typical use cases of the light connection mode. Referring to exemplary signaling diagrams in Figure 1-3, our general view is that we can leverage existing RAN2 and RAN3 messages for the light connection functionality. For the UE to eNB communication, we can in principle rely upon the CIoT framework offering baseline suspend/resume functionality. Similarly, the UE context retrieve messages defined in RAN3 can be also taken into considerations. Of course, the exact set of messages, their content and functional purpose should be discussed further in both RAN WG2 and WG3.

Proposal: Consider to re-use existing messages from the CIoT framework to enable light connection operation. 
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