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1. Introduction
RAN2#95 agreed the basic functions/characteristics of Light Connection as follows [1]; 
	Agreements:

the functions of a lightly connected UE include:
· S1 connection is kept and active in the “anchor eNB” 
· Support of RAN initiated paging
· The paging process is controlled by “anchor eNB”

· eNB controlled RAN based paging area
· RAN based paging area update mechanism. RAN based paging area can be configurable as UE specific

· Performing cell reselection based mobility, the same cell reselection mechanism in RRC IDLE.

· The UE AS context is kept in both UE and “anchor eNB” side.
· The ECM state is ECM-CONNECTED, from perspective of network. From UE perspective the state is FFS.

· When a "lightly connected" UE is paged (via RAN-initiated paging) or when any MO data/signaling is triggered, the UE will get back to be connected to eNB. The related procedure is FFS.
· A UE enters into "lightly connected" by RRC signaling. The details are FFS.


In this contribution, the details of Light Connection are discussed.  
2. Discussion
2.1. Modelling principles 
2.1.1. RRC states and “substate”
LTE has a couple of RRC states, i.e., RRC Connected and RRC IDLE. Even when RRC Connection Suspend/Resume procedure was introduced in Rel-13, it kept the two states modelling. The UE with suspended RRC connection is just in RRC IDLE from the state point of view, i.e., a ”substate” of IDLE UEs with storing the AS context and the resume ID [2]. The two states modelling works well to simplify the state transitions and these conditions, which were a bit complex in the legacy system. So, RAN2 should stick to the RRC modelling even if Light Connected is introduced, i.e., to be defined as Light Connected “substate” which is a part of RRC Connected or IDLE whereby certain features are added or restricted depending on the desired operations to be decided by RAN2. 

Proposal 1 RAN2 should stick to the existing two states modelling, i.e., RRC Connected and IDLE, when Light Connected is defined in RRC. 

2.1.2. Baseline states
If Proposal 1 is agreeable, Light Connected ”substate” is built on top of either RRC Connected or RRC IDLE. 

It was suggested in RAN2#95 that RRC Suspended/Resume is the baseline of Light Connected [3]
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[4]. It’s indeed a nice way from RAN2 standardization efforts point of view, that Light Connected is a combination of suspending RRC connection from UE’s perspective and the new feature to keep S1 connections in active from CN’s perspective.  Even though it’s still beneficial for S1, i.e., eliminating the UE Context Suspend/Resume Request/Response [5], it should be noted that compared to Rel-13 there will be no gain in Rel-14 in terms of reductions of signalling and latency in Uu, since it relies on Rel-13 procedure. Additionally, the ECM state mismatch will happen between the NW and the UE in Light Connected, i.e.,”The ECM state is ECM-CONNECTED, from perspective of network” [1] but ECM-IDLE from the UE’s perspective since the UE is in RRC IDLE during RRC Connection is suspended [2]. It’s unclear whether the mismatch is acceptable to the other WGs. 
Observation 1 RRC Suspend-based Light Connection may be possible without any gain in terms of signalling/latency reduction in Uu. 
Observation 2 It’s unclear whether the ECM state mismatch between the NW and the UE in Light Connected is acceptable. 
On the other hand, RRC Connected-based approach was also proposed in [6]~[10]. Needless to say, the most significant benefit of RRC Connected is low access latency in MO and MT calls. Potentially, no paging is necessary for MT call, although it’s already agreed to introduce “Support of RAN initiated paging” for Light Connection [1]. In addition, the ECM-state is naturally aligned between the NW and the UE. So, RRC Connected-based Light Connection has the potential to improve the signalling and latency in Uu, without unnecessary impacts to the higher layer, i.e., NAS.  However, it’s obviously worse for the UE power consumption just to keep the UEs in legacy RRC Connected, i.e., it cannot achieve the objective that “The solution shall enable the UE power consumption to be comparable to that one in RRC_IDLE” [11]. Therefore, some optimizations would be necessary, if it is decided to go with RRC Connected-based Light Connection. 

Observation 3 RRC Connected-based Light Connection may have the potential to improve the signalling overhead and the access latency in Uu without unnecessary impacts to the higher layer, although the standardization efforts will be necessary in RAN2 to minimize the UE power consumption. 
As the first statement of WI objectives stated “The objective of this work item is to reduce the radio and network interfaces signalling overhead, and improve the UE access latency as well as UE power consumption for all device types” [11], the work should consider all device types, i.e., not just MTC UEs but also normal LTE UEs like smartphones. Regarding MTC type traffic, it was already optimized by RRC Connection Suspend/Resume in Rel-13 and it’s of course applicable to normal LTE UEs [2]. So, Rel-14 work should rather focus on normal LTE UEs, e.g., smartphone traffics. 
Observation 4 Light Connection should be efficient for not only the MTC type traffic, which was already optimized in Rel-13, but also the normal LTE traffic like smartphone, which seems to be the primary challenge in Rel-14. 
Considering the observations above, i.e., ECM state mismatch, further optimization of signalling/latency and adaptation for smartphone traffic, RAN2 should take RRC Connected state as the baseline for Light Connected “substate”. 
Proposal 2 RAN2 should take RRC Connected state as the baseline for Light Connected. 
2.2. RRC signalling 
2.2.1. Entering to Light Connected 
RAN2#95 agreed that “A UE enters into "lightly connected" by RRC signaling. The details are FFS” [1]. If Proposal 2 is agreeable, it’s straight forward to use RRC Connection Reconfiguration message for setup of Light Connected, since RRC Connection Release for RRC Connection suspension makes the UE transition to RRC IDLE. 
Proposal 3 RAN2 should use RRC Connection Reconfiguration message for setup of Light Connected. 
However, one drawback with RRC Connection Reconfiguration message is to perform the handshake with RRC Connection Reconfiguration Complete, while this isn’t needed for RRC Connection Release [12]. From the signalling reduction point of view, it is preferable for the UE not to send the RRC Connection Reconfiguration Complete. However, without an acknowledgement such as the case with RRC Connection Release message would increase the probability of state mismatch between the serving cell and the UE [13].  In contrast, if RRC Connected-based Light Connection is already a substate of RRC Connected state then the issue with mismatch of state transition would not be a significant concern. So, RAN2 should discuss whether the RRC Connection Reconfiguration Complete is necessary when the UE goes to Light Connected. 
Proposal 4 RAN2 should discuss whether or not an acknowledgement from the UE, e.g., RRC Connection Reconfiguration Complete, is necessary when the UE goes to Light Connected.
It’s also worth considering whether to allow autonomous transition to Light Connected, as suggested in [14]. The serving cell may set the UE with an “inactivity” timer via broadcast/dedicated signalling, and the UE autonomously goes to Light Connected when the timer expires. It could further reduce the overhead for Light Connected control in Uu. 
Proposal 5 RAN2 should further discuss whether to allow the autonomous entering to Light Connected, with e.g., an “inactivity timer”, for further signalling reduction. 
2.2.2. Leaving from Light Connected 
It was also agreed that “When a "lightly connected" UE is paged (via RAN-initiated paging) or when any MO data/signalling is triggered, the UE will get back to be connected to eNB. The related procedure is FFS” [1]. So, it’s worth considering how to return from Light Connected to RRC Connected. 

With the legacy approach, the handshake to get RRC Connected needs (at least) three steps, e.g., (1) RRC Connection Resume Request, (2) RRC Connection Resume and (3) RRC Connection Resume Complete [12], as illustrated in (a) of Figure 1. On the other hand, the signalling and latency could be reduced if the handshake is minimized, i.e., (b) and (c) in Figure 1. 
The one-step approach, e.g., with an indication from the UE as (b) in Figure 1, is beneficial to minimize the signalling and latency. Regarding the state mismatch issue [13] discussed in Proposal 4, from the perspective of reachability of messages, only the DL will be an issue mainly due to the UE’s radio problem (i.e., the reception errors during T310 runs, which is seen only in the UE, never in the serving cell). So, the one-step approach is technically feasible. 
It could be also considered whether the serving cell needs to reject the UE getting back to RRC Connected, as (c) in Figure 1. If Proposal 2 is agreeable, i.e., RRC Connected-based “substate”, there seems no need to have the reject message since the UE in Light Connected is already part of RRC Connected. When the number of RRC Connection needs to be reduced for some reason, the serving cell may initiate RRC Connection Release anytime, as it is today. 
So, while the one-step approach is our preference, RAN2 should discuss whether to optimize the signalling during the return from Light Connected to RRC Connected. 
Proposal 6 RAN2 should consider how to minimize the handshake for the UE to return to RRC Connected from Light Connected. 
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Figure 1
 Signalling for return to RRC Connected
2.2.3. Awareness of data inactivity during RRC Connected 
Since “A UE enters into "lightly connected" by RRC signalling” [1], the serving cell needs to determine when to trigger entering Light Connected.  One of the possible implementation is that the serving cell monitors the traffic behaviour and has the UE to enter Light Connected when the UE’s packet is not transmitted/received for a period [8]. It relies on the expected traffic behaviour, so if the expectation is not accurate then the signalling overhead may actually increase, e.g., frequent transitions between Light Connected and RRC Connected, or the chance to entering Light Connected is missed. While MTC-type traffic is somewhat easily expected, LTE-type traffic, esp. smartphone’s traffic behaviour, may not be as easy for the NW to predict. Therefore, it may be necessary for the UE to provide some assistance information since the UE has a better knowledge/control of its traffic behaviour.  So, it’s worth considering whether the serving cell may configure the UE to provide the assistance information for its decision to trigger Light Connected. 
Proposal 7 RAN2 should discuss whether the serving cell may configure the UE to provide the assistance information, for the decision of RRC signalling to make the UE to enter Light Connected. 
If Proposal 7 is agreeable, the assistance information may have some similarity with the existing Power Preference Indicator (PPI) and/or MBMS Interest Indication (MII) [12]. With PPI, the UE may inform of lowPowerConsumption when its power consumption is preferred to be optimized by e.g., longer DRX cycle. The MII was used to inform of the MBMS frequencies of interest and the priority between Unicast and MBMS e.g., when the handover to the frequency is preferred. In this case, the UE may inform the serving cell of the possibility to enter Light Connection; in other words, the UE may send the assistance information when the data transmission/reception has been/will be inactive in certain duration. The details and necessity of any additional assistance are FFS, e.g., UE’s expected inactive time. 
Proposal 8 RAN2 should consider if the UE should send the assistance information upon data inactivity. 
2.3. Activities during Light Connected 

2.3.1. Paging monitoring 
RAN2#95 agreed to support RAN-initiated paging, so the UE needs to monitor it during Light Connected in the subframes determined “as a baseline that Rel-13 legacy PO/PF calculations are used for the RAN-initiated paging” [1]. 
On the other hand, the three scenarios could be considered when the UE returns to RRC Connected associated with UE mobility, as illustrated in Figure 2; 
· Scenario 1: The UE remains in the same cell as where it entered Light Connected. 
· This scenario may happen often, especially in case of smartphone is assumed. If Light Connection is a part of RRC Connected, i.e., Proposal 2, C-RNTI is still active and valid, which could be still reused to page the UE. So, the UE may monitor Paging in the occasions determined by the existing Connected mode DRX (C-DRX) [15]. 
· Scenario 2: The UE is in a different cell within the same RAN paging area (PA) where it entered Light Connected. 
· In the different cell, the C-RNTI is no longer valid since it’s a cell-specific ID. So, the other ID may be necessary to page the UE, such as “(a) NAS UE ID (i.e. S-TMSI), (b) Rel-13 UE Resume ID, (c) a new RAN UE ID or (d) IMSI mode” [1]. However, the “paging occasion” is still determined by C-DRX if the DRX-Config [12] is transferred to the target cell e.g., within “X2 paging” [16]. 
· Scenario 3: The UE is outside of the RAN paging area where it entered Light Connected. 
· In this case, “UE lightly connected is required to notify the network” [1]. The UE may be instructed to be in Light Connected in the cell where the notification is sent. So this scenario is the same condition with Scenario 1 and no further consideration is necessary. 
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Figure 2
 Mobility scenario
Regarding the paging occasions for the UE in Light Connected, the C-DRX mechanism can be reused even if the UE mobility is taken into account. From RAN2’s perspective, no specification impact is foreseen with this approach, while the agreement “To take as a baseline that Rel-13 legacy PO/PF calculations are used for the RAN-initiated paging. The input parameters for PO/PF calculation can be changed if necessary” implies some impacts and complexity [1]. Therefore, RAN2 should revisit the baseline for PF/PO calculation. 

Proposal 9 RAN2 should decide to reuse the existing Connected mode DRX mechanism, for the paging occasions. 
If Proposal 9 is agreeable, the agreement “To define a UE ID for paging calculation. Select the UE ID from (a) NAS UE ID (i.e. S-TMSI), (b) Rel-13 UE Resume ID, (c) a new RAN UE ID or (d) IMSI mode” [1] is no longer necessary, since the C-DRX doesn’t need to input any IDs to calculate On Duration [12]. 

Proposal 10 If Proposal 9 is agreeable, RAN2 should not use any IDs for calculation of paging occasions. 
Regarding the ID to page the UE, C-RNTI is used in Scenario 1 but not in Scenario 2. So, especially for Scenario 2, it’s necessary “To define a UE ID conveyed in paging message. Select the UE ID from (a) NAS UE ID (i.e. S-TMSI), (b) Rel-13 UE Resume ID, (c) a new RAN UE ID or (d) IMSI mode” [1]. If Light Connected should be transparent to the CN as much as possible, the ID should be selected form the IDs which can be managed in RAN. So, the candidates are “(b) Rel-13 UE Resume ID” or “(c) a new RAN UE ID”. The Resume ID is used for the eNB to retrieve the UE context from “Anchor eNB”, however the exact contents of Resume ID is not visible to the UE [17]
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[18], i.e., only the bit size is defined [15]. 
The UE could be identified by an ID which consists of ECGI (i.e., CellGlobalIdEUTRA [12] in the “anchor eNB”) and C-RNTI (allocated by the cell with ECGI). To minimize the message size, it could be also considered, instead of ECGI, to use either ECI (i.e., CellIdentity [12] or “eNB ID + PCI”) or PCI (i.e., PhysCellId [12]). With these optimizations, it needs to be assumed that the ID is valid within a PLMN. 

If the contents of ID is explicitly specified, the UE would use it to determine whether it has been paged even if the ID is not explicitly allocated via RRC signalling, e.g., either RRC Connection Reconfiguration or Release when the UE enters Light Connected. 
Proposal 11 RAN2 should define “ECGI + C-RNTI”, “ECI + C-RNTI” and/or “PCI + C-RNTI” as the new RAN ID in the “paging massage”. 
Proposal 12 If Proposal 11 is agreeable, the ID is not necessary to be explicitly allocated from the cell in “anchor eNB” to the UE when the UE enters Light Connected. 
2.3.2. UE-based mobility 
RAN2 agreed that “Performing cell reselection based mobility, the same cell reselection mechanism in RRC IDLE” [1]. So, the UE behaviour just follows the idle mode procedure [19] in terms of cell reselection, wherein it seems no problem for the UE in Light Connected as long as all the eNB in a network support the return from Light Connected to RRC Connected. Although It might be up to NW implementation, Rel-13 didn’t assume all eNB in a network supports the new features, e.g., eDRX-Allowed for eDRX, voiceServiceCauseIndication for VoLTE Establishment Cause, up-CIoT-EPS-Optimisation and cp-CIoT-EPS-Optimisation for RRC Connection Resume and data over NAS respectively [12]. So, it’s worth discussing whether it can be assumed that all eNB in a network support Light Connection. 
Proposal 13 RAN2 should discuss whether it can be assumed that all eNBs in a network support Light Connection. 
If some eNBs don’t support Light Connection, the question is how the UE should behave, since the UE may become unreachable from RAN paging. One of possibilities is that the UE prioritizes the cell supporting Light Connection as much as possible. Another possibility is that the UE transitions to RRC IDLE, whenever it reselects the cell not supporting Light Connection. RAN2 should consider the details of UE-based mobility during Light Connected. 
Proposal 14 If there are eNBs do not support Light Connection, RAN2 should discuss the details of UE-based mobility during Light Connected, e.g., whether the cell should be de-prioritized during the cell reselection, and whether the UE should transition to RRC IDLE if such a cell is reselected. 
3. Conclusion 
In this contribution, the details of Light Connection are discussed from the perspective of UE behaviour and signalling.  RAN2 is kindly asked to take into account the observations/proposals below: 
Proposal 1
RAN2 should stick to the existing two states modelling, i.e., RRC Connected and IDLE, when Light Connected is defined in RRC.
Observation 1
RRC Suspend-based Light Connection may be possible without any gain in terms of signalling/latency reduction in Uu.
Observation 2
It’s unclear whether the ECM state mismatch between the NW and the UE in Light Connected is acceptable.
Observation 3
RRC Connected-based Light Connection may have the potential to improve the signalling overhead and the access latency in Uu without unnecessary impacts to the higher layer, although the standardization efforts will be necessary in RAN2 to minimize the UE power consumption.
Observation 4
Light Connection should be efficient for not only the MTC type traffic, which was already optimized in Rel-13, but also the normal LTE traffic like smartphone, which seems to be the primary challenge in Rel-14.
Proposal 2
RAN2 should take RRC Connected state as the baseline for Light Connected.
Proposal 3
RAN2 should use RRC Connection Reconfiguration message for setup of Light Connected.
Proposal 4
RAN2 should discuss whether or not an acknowledgement from the UE, e.g., RRC Connection Reconfiguration Complete, is necessary when the UE goes to Light Connected.
Proposal 5
RAN2 should further discuss whether to allow the autonomous entering to Light Connected, with e.g., an “inactivity timer”, for further signalling reduction.
Proposal 6
RAN2 should consider how to minimize the handshake for the UE to return to RRC Connected from Light Connected.
Proposal 7
RAN2 should discuss whether the serving cell may configure the UE to provide the assistance information, for the decision of RRC signalling to make the UE to enter Light Connected.
Proposal 8
RAN2 should consider if the UE should send the assistance information upon data inactivity.
Proposal 9
RAN2 should decide to reuse the existing Connected mode DRX mechanism, for the paging occasions.
Proposal 10
If Proposal 9 is agreeable, RAN2 should not use any IDs for calculation of paging occasions.
Proposal 11
RAN2 should define “ECGI + C-RNTI”, “ECI + C-RNTI” and/or “PCI + C-RNTI” as the new RAN ID in the “paging massage”.
Proposal 12
If Proposal 11 is agreeable, the ID is not necessary to be explicitly allocated from the cell in “anchor eNB” to the UE when the UE enters Light Connected.
Proposal 13
RAN2 should discuss whether it can be assumed that all eNBs in a network support Light Connection.
Proposal 14
If there are eNBs do not support Light Connection, RAN2 should discuss the details of UE-based mobility during Light Connected, e.g., whether the cell should be de-prioritized during the cell reselection, and whether the UE should transition to RRC IDLE if such a cell is reselected.
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