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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 [2-11] in which proponents expressed their initial view on how a light connection can be technically implemented and introduced to the LTE system.
In this discussion paper we present our technical view on design principles for the LTE light connection and outline solutions for certain technical aspects, such as S1 connection, paging, etc.
2
Light connection
For the sake of further tractability, we will present our technical considerations for a light connection structured around the following topics:

· Access network related considerations (S1 connection, UE context management)
· Paging related issues (paging area, paging ID, paging cycle, etc)

· Other issues

In general, we share the same view as the one expressed in [11] that we should identify whether we can re-use as much as possible existing functional blocks; and introduce new functionality only when it is absolutely needed or when we can assess that there are clear performance benefits.
2.1
Access network related issues

There are a few contributions in which proponents of the light connection discussed whether we need to keep S1 connection or not. In particular, [5] suggests that the S1 connection should be kept active. In general, purely from the technical perspective both options – with active S1 connection and without it – can work and can be adopted to the LTE system as for instance elaborated in [8]. However, since one of the premise ideas of the light connection mode is to achieve a good tradeoff between performance, response time, and the signaling load, it seems more natural and beneficial to keep the S1 connection. In fact, similar to the UMTS system CELL/URA_PCH states, if there is an active S1 connection then S-GW can send data to the UE without wasting time on establishing it thus minimizing delays in data transmission.
When a serving eNB decides to re-configure a UE to the light connection operational mode, the UE context resides in that eNB. However, while moving around the paging area, a UE can end up to another eNB. Firstly, since the serving eNB does not know where a UE will be when there is a need to exchange data with the UE, there are no much options but to keep the UE context in the eNB which has triggered UE re-configuration to the light connection mode (as also described in [5]). Secondly, since a UE may start exchanging data being in a different eNB, there should be a way to ensure that the corresponding eNB has UE context information. As mentioned in [9], in principle we can re-use the UE context fetch procedure so that once a UE gets an access to a new eNB, the corresponding information is transferred to it. Below, Figure 1 illustrates an exemplary set of signaling messages exchanged between network elements for the mobile originated and mobile terminated calls, after the UE has moved to a new paging area. 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

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. In this case, we can follow the same principle as in MO call whereupon a UE context will be moved to a new eNB in a new paging area. However, if a UE just moves around potentially crossing several paging areas, we may end up in a situation when the network will move a UE context from one place to another, whereas it is not actually needed as there is no data to exchange. In this scenario, it is possible to keep the UE context at the same eNB. The latter will just need to know a list of eNBs of the new paging area, and/or just one eNB address where the UE was seen last time. Figure 2 below makes a summary of signaling messages exchanged for both options: when a UE context is moved upon moving from one paging area to another (on the left hand side) and when the UE context remains at the same eNB (on the right hand side).
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Figure 2: Set of exemplary signaling messages for the paging area change

2.2
Paging related issues 
One of the problems raised in contributions submitted to RAN2#93bis meeting is how to define the paging area. In particular, [4] mentions the following possibilities: a) broadcast paging area in SIB; and b) use dedicated signaling to configure a UE explicitly with a list of cell. Even though option b) looks more versatile, RAN2 should assess all the pros and cons to decide whether such flexibility is needed and cost at which it would come. In addition, it bears noting that for instance the UMTS system is designed in such a way that each cell simply broadcast one or several URA IDs, and the UE is configured with a particular URA area ID when it is moved to the URA_PCH state. The UMTS URA ID is the 16-bit value, which allows for quite a large number of areas to be defined and used in the system. Since each cell can broadcast up to 8 URA ID values, this solution already allows an operator to define a set of hierarchical URA areas (e.g. one big area #1 with sub-areas #2..4), to balance between how accurately a UE can be tracked (and the resulting paging load) versus how often a UE would send an indication upon moving from one area to another. In fact, even if we adopt an approach when a UE can be configured with an explicit list of cells comprising one area, such a configuration will anyway come from the operator O&M system. In other words, it effectively does not matter whether the O&M system configures individually each eNB with a list of other eNB(s) in the paging area, which is then explicitly provided to a UE, or a UE is simply assigned with an area ID that corresponds to a list of eNBs belonging to the same area. Nevertheless, from the UE perspective it is easier to keep and handle just one identifier, than to keep a large list of cell IDs and compare it with a new cell ID every time cell re-selection is performed.
Another problem mentioned in [4,6,8] is which ID the network can/should use to reach a UE upon a mobile terminated call; in particular [6] provides a comparison of different options. At a first glance, S-TMSI looks like an easy and straightforward solution because that identifier is already being used by the LTE system. Furthermore, it is also worth noting that if rely upon S-TMSI, then the legacy paging message can be fully re-used. However, the downside of the S-TMSI identifier is that it does not contain information on the "anchor" eNB, which another eNB would need to know when a UE gets an access to the network. It becomes especially crucial when it is not the mobile terminated call, but rather a mobile originated activity that takes place in a cell belonging to a different eNB. In that sense, a new ID similar to the one already adopted for the NB IoT could be more suitable, as it will tell to the eNB where a UE context is.
Referring back to our considerations presented in the previous paragraph, a question on which message should be used to reach a UE depends on a discussion which identifier will be adopted. If RAN2 agrees to use S-TMSI, then a paging message solution comes for free as the legacy message can be re-used. Otherwise, we might need to extend the structure of the paging record so that it carries the corresponding ID. As an alternative option, a new paging message is mentioned in [8], but our current view is that RAN2 should clearly identify needs and benefits of a new paging message.

Yet another paging related problem is a paging cycle. In principle, the straightforward approach is to let a UE to follow the IDLE mode DRX cycle. However, in the current LTE system the eNB does not know the IDLE mode DRX cycle as the latter is handled by MME; as a result such an approach would need some extensions in the core network signaling so that MME can tell eNB what the IDLE mode DRX cycle is. Another solution is to let a UE to follow the connected mode DRX, which would even allow the network to decide, which cycle length is assigned to each particular UE. One could argue that the connected mode DRX is not of the same range as the IDLE mode DRX thus not offering the same power saving. However, the longer the DRX cycle is, the more it takes time to reach the UE in the mobile terminated call, which could be especially critical in the light connection mode as we would expect faster response time from a UE. As a result, it is highly anticipated that assigned light connection mode DRX cycle values would be close 640..2048ms, which are common values currently used for the UMTS CELL/URA_PCH states. From that perspective, connected mode DRX fully suffices this purpose as its maximum range is of 10.24s. It should be noted that [8] mentions a new DRX cycle for a light connection, called L-DRX, but according to our understanding the legacy connected mode DRX can serve exactly the same purpose.
3 Conclusion
In this discussion paper we have presented our views and considerations on design principles of the LTE light connection. As expressed earlier, our general view is that we should consider reusing as many existing functional components as possible, whereupon introduction of new functional elements should be carefully assessed by RAN2 and other WGs. In summary, our current view is that:

· It seems reasonable to keep S1 connection active to allow for faster "wake up" time.
· Mobile originated, mobile terminated, and paging area change procedures have a common signaling part and can rely upon the UE context fetch procedure.
· It is not evident whether we have clear benefits in providing a UE with a list of eNB IDs belonging to the same area, as opposed to providing a UE with a single area ID which can be broadcast in system information.
· A UE ID for the light connected mode can be same or similar to the one already agreed for the NB IoT. If this approach is selected, then the existing paging message can be extended to carry the corresponding identifier.
·  A decision which DRX cycle to follow in the light connection mode should be also analyzed from the perspective of the specification impact versus potential power saving gains.
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