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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 as its name indicates aims at alleviating the signalling burden caused by UE transition between the CONNECTED and IDLE states. During the RAN#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 made an agreement that RAN WG2 sees benefits in this feature. 
One of the open issues raised already during initial discussions is how to model and specify the LTE light connection mode. Three major approaches were initially considered – a separate state, IDLE and CONNECTED – out of which RAN WG2 has down selected one major approach of trying to re-use existing states without introduction of a new one. However, as per outcome of the RAN2#95bis meeting, there was no conclusion on which option, IDLE or CONNECTED, would be the better one. Furthermore, RAN WG2 sent LS to CT WG1 [2] asking further opinions and views on which modelling option would be the better one from the NAS modelling perspective.

As the CT WG1 has already had a preliminary discussion on pros and cons of each modelling option, in this discussion paper we present some excerpts from that discussion in conjunctions with our further considerations on this particular matter.
2
UE state modeling in the light connection mode
Before delving into the more specific details of advantages and drawbacks of each modeling option, it is worth noting some relevant agreements that RAN WG2 has already made: 
1.
When the UE is configured with the light connection mode, the UE state is EMM_CONNECTED from the MME perspective and the S1 interface is kept.

2.
When the UE is configured with the light connection mode, the UE state is RRC_CONNECTED from the eNB perspective. 
So, with regards to the NAS/AS state, RAN WG2 have already been assuming that the UE state is CONNECTED (to be more precise, EMM_CONNECTED/RRC_CONNECTED) from the network side point of view. However, as mentioned in the introduction, it was not decided which option should be chosen for the UE side. Nevertheless, RAN WG2 has been implicitly assuming that NAS/AS are in the same state. In other words, referring to the LS document sent to other WGs [2], EMM_CONNECTED/RRC_CONNECTED and EMM_IDLE/RRC_IDLE are the two major options.
Generally speaking, the whole concept of the "a state" assumes that both communication ends should have the same understanding of what the current state is to take the corresponding actions and/or to react to external triggers. If one builds a system that can function properly regardless of the "state" of another entity, then it effectively means that it does not have any functional meaning and thus is redundant. In fact, CT WG1 has already made an observation that so far there has been an assumption that both communications ends are in the same state (except several transition and error cases).
2.1
EMM_IDLE/RRC_IDLE modeling option
With regards to this modeling option (hence referred to as just IDLE for the sake of clarity), the following issues have been preliminary identified by CT WG1 and/or expressed by other companies in their discussion papers:
1.
The UE in the IDLE mode initiates periodic tracking area update procedure. However, the UE is in the EMM_CONNECTED mode from the MME perspective, so the latter neither runs its mobile reachable timer nor expects to receive such an indication from the UE (which in fact may trigger some implementation specific recovery procedure as the MME may think that there is a state mismatch). Of course, a potential solution to overcome this problem is force a UE not to send these indications to MME as if a UE were in EMM_CONNECTED.

2.
For the mobile-originated data and signaling messages, a UE in the IDLE state needs to send the corresponding service request, reception of which would be obscure from the MME point of view. As in the case above, to circumvent to around this issue we need to prevent a UE from sending this indication, again deviating from the current functionality of the IDLE state.

3.
There are certain features that assume that both communication ends are in the same state. One of them is PSM, which is applicable only to the UE in the IDLE mode and activation of which is negotiated at the NAS layer. If from the MME perspective a UE is still in the CONNECTED mode, then once DL data arrives to the MME the latter will forward it immediately to the eNB, which in turn will try to reach to the UE. However, a UE being configured with the PSM mode for the IDLE state may simply fail to receive eNB indications as it will not listen to the paging channel.   
2.2
EMM_CONNECTED/RRC_CONNECTED 
Concerning this modeling option (hence referred to as just CONNECTED), the following key issues have been initially identified by CT WG1 and other companies:
1.
One of the major concerns for this option is how to ensure the access control for the mobile-originated data. Assuming that RAN WG2 will enable some of the existing access control mechanisms (which is still under discussion), there will be some impact to the NAS/AS interaction to ensure that NAS provides the corresponding information to the AS layer.

2.
Another concern raised during discussions is whether there will be any impact to the current procedures and requirements due to the fact that a UE in the light connection mode will perform autonomous cell re-selection, while from the MME perspective it is in the EMM_CONNECTED mode and thus the mobility should be controlled by MME.  

3 Conclusion
In this discussion paper we have presented some excerpts from the CT WG1 discussion regarding each of the modeling options for the LTE Light Connection mode. Based on the coarse analysis and comparison, it seems that modeling of the Light Connection mode as EMM_IDLE/RRC_IDLE has more issues when compared EMM_CONNECTED/RRC_CONNECTED. Furthermore, with regards to the EMM_CONNECTED/RRC_CONNECTED option, the major concern is how to ensure that NAS can provide the corresponding information to the AS layer for the access control purposes. Since a solution to this problem is encapsulated within the UE, it should be quite straightforward from the design and the specification point of view.
Proposal: Consider modeling "light connection" as an operational mode within the CONNECTED state.

4 References
[1]
RP-160540, " New WI proposal: Signalling reduction to enable light connection for LTE "
[2]
R2-167314, "LS on The progress and questions for the light connection", RAN WG2
