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1. Introduction
RAN#71 approved the new WI on Signalling reduction to enable light connection for LTE [1] and RAN2#94 reached an agreement as follows [2]; 

	In the study phase, investigate potential solutions for the following aspects, taking into account both UE mobility and traffic pattern:
· Signalling reduction due to handover, considering UE centric mobility, e.g. cell (re)-selection. (RAN2/3, Q3/2016) 
· Signaling reduction due to Paging, considering limiting the Paging transmission within a more limited area. (RAN2/3, Q2/2016) 
· Signalling reduction to CN over S1 interface due to mobility and state transitions by hiding them from CN. (RAN2/3, Q3/2016) 
· UE context storage and retrieval along with UE mobility across different eNBs. (RAN3/2, Q3/2016)
· Necessity of a new RAN based state (RAN2, Q3/2016)

Then, based on the conclusion of the study phase, specify the corresponding solutions.


	=>
S1 connection of a UE lightly connected is kept and active, in order to hide the mobility and state transitions from CN. For the UE lightly connected, the RAN initiated paging is feasible and beneficial in terms of signalling reduction as well as decreasing latency from RAN2 perspective. Thus the RAN initiated paging can be introduced from RAN2 perspective.


These official statements in [1]
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[2] already imply to make RAN2 discuss on some sort of Light Connection from Q3, i.e., August meeting, or even starts from this meeting. 

In this contribution, the general issues for the UE behaviour in Light Connected are discussed.
2. Discussion
The agreement in the last meeting mentions that “S1 connection of a UE lightly connected is kept and active, in order to hide the mobility and state transitions from CN” [2]. It could be interpreted that the UE in Light Connected is still in either ECM-Connected state or a quite similar “substate” from the core network point of view, and it’s somewhat related to UE’s “substate”. However, it’s still FFS and may be related to the progresses in the other topic, i.e., RAN-initiated paging, and in the other WG(s). 
Observation 1 The UE in Light Connected is in the same or similar “substate” to ECM-Connected from the core network point of view. 
Apart from the ECM states, the objective of WID states “Necessity of a new RAN based state” and “the solution can consider reusing the Suspend/Resume procedure” [1]. So, it’s one of important aspects how to model the light connection from the perspective of RRC, e.g., reusing the RRC Suspend/Resume concept or introducing a new RRC state, and it’s RAN2’s responsibility. Such a modelling is eventually related to the other topics, but the general framework could be discussed at this point. So, RAN2 should start the discussion from the outline of Light Connected. 
Proposal 1 RAN2 should start the discussion on the modelling of Light Connected from RRC point of view. 
2.1. Observations from RAN controlled “state” for NR
In the NR session of RAN2#94, the topic on RRC state was discussed and the agreements were reached as follows [3]; 
	Agreements: (for NR) 

1
Study the introduction of a RAN controlled “state” characterised by, at least:

a/ -
UEs in RAN controlled state should incur minimum signalling, minimise power consumption, minimise resource costs in the RAN/CN making it possible to maximise the number of UEs utilising (and benefiting from) this state

b/
Able to start data transfer with low delay (as required by RAN requirements)

FFS whether data transfer is by leaving the "state" or data transfer can occur within the " state"

FFS whether " state" translates to an RRC state

Potential characteristics of the RAN controlled “state” for study:


a/ the CN/RAN connection is maintained


b/ AS context stored in RAN


c/ Network knows the UE's location within an area and UE performs mobility within that area without notifying the network.


d/ RAN can trigger paging of UEs which are in the RAN controlled "inactive state"


e/ No dedicated resources


It could be interpreted that the RAN controlled “state” is somewhat between RRC Connected and RRC IDLE in LTE. Just for study, the potential characteristics were identified in the agreements and observed with some of commonalities to what already agreed/intended for Light Connection; 

· “a/ the CN/RAN connection is maintained” may be the same with the agreement that “S1 connection of a UE lightly connected is kept and active, in order to hide the mobility and state transitions from CN” [2]. 
· “b/ AS context stored in RAN” can be achieved today, i.e., by RRC Connected state or RRC Suspended “substate” specified in Rel-13 [4]. 

· “c/ Network knows the UE's location within an area and UE performs mobility within that area without notifying the network” is as it is today, i.e., Tracking Area (MME-controlled), or has much commonality with the proposals for the paging enhancements, i.e., the paging area concept (RAN-controlled) [5]
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[6]
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[7]
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[9]
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[10]. 

· “d/ RAN can trigger paging of UEs which are in the RAN controlled "inactive state"” seems to be a common view that “For the UE lightly connected, the RAN initiated paging is feasible and beneficial in terms of signalling reduction as well as decreasing latency from RAN2 perspective” [2]. 
· “e/ No dedicated resources” has not been discussed in this WI so far. 
As the concept level, it seems useful to learn from the findings of NR’s discussion on the RAN controlled “state”, since the issue to be solved is almost the same, i.e., optimizations for UEs with “data inactive”. So, these are a good starting point for the discussion of Light Connected modelling. 

Observation 2 The RAN controlled “state” intended for NR seems to have commonalities with Light Connected. 
For summary of the potential characteristics, a/ is already agreed for Light Connected. Also, c/ and d/ are tightly related to the discussion of paging enhancements, e.g., RAN-initiated paging, and discussed in another contribution [11]. So, the characteristics of b/ and e/ are focused in the following sections. 
Also, the FFSs in NR will be also the same for Light Connection, i.e., “FFS whether data transfer is by leaving the "state" or data transfer can occur within the " state"” and “FFS whether " state" translates to an RRC state”. 
2.2. Framework of Light Connected
2.2.1. 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 suspending 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 [4]. 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 2 RAN2 should stick to the existing two states modelling, i.e., RRC Connected and IDLE, when Light Connected is defined in RRC. 
2.2.2. Baseline states
If Proposal 2 is agreeable, Light Connected ”substate” is built on top of either RRC Connected or RRC IDLE. 
As observed in section 2.2.2, “b/ AS context stored in RAN” for the RAN controlled “state” of NR can be a good guideline for Light Connected “substate” and available in RRC Connected state or RRC Suspended “substate” specified in Rel-13 [4]. Assuming it’s aimed to a “substate” between RRC Connected and RRC Suspended, Light Connected should support the AS context storage or rather availability. 
Proposal 3 The AS context should be available during Light Connected. 
As mentioned in section 2.1, it has not been discussed whether the potential characteristic of “e/ No dedicated resources” is applicable to Light Connected. Although the terminology “dedicated resource” is unclear, if it implies no C-RNTI is allocated to the UE then it’s suitable to define Light Connected on top of RRC IDLE state, i.e., another “substate” of RRC IDLE; but not the same as RRC Suspended. Otherwise (e.g., just meaning no PUCCH resource is allocated), it could be possible to take RRC Connected state as the basis. 
It was suggested in RAN2#94 that RRC Suspended/Resume should be the baseline of Light Connected [12]
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[13]. 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 [12], 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. 
Observation 3 RRC Suspend-based Light Connection may be possible without any gain in Uu. 
On the other hand, RRC Connected-based approach is also proposed [14]

 REF _Ref455593635 \w \h 
[15]. Needless to say, the most significant benefit of RRC Connected is low access latency in MO and MT calls. Additionally, no paging is necessary for MT call. So, RRC Connected-based Light Connection has the potential to improve the signalling and latency in Uu.  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” [1]. Therefore, some optimizations would be necessary, if RRC Connected-based Light Connection is the way. 
Observation 4 RRC Connected-based Light Connection may have the potential to improve the signalling overhead and the access latency in Uu, although the standardization efforts will be necessary in RAN2 to minimize the UE power consumption. 
Taking into account the first statement of WI objectives that “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” [1], RAN2 should discuss which RRC state should be baseline for Light Connected, IDLE (including suspend/resume) or Connected. 
Proposal 4 RAN2 should discuss which RRC state should be baseline for Light Connected, IDLE (including suspend/resume) or Connected. 
2.3. General features 
Regardless of baseline RRC state, it would be useful to discuss which feature is necessary for the UE in Light Connected. 

2.3.1. Data transmission and reception aspects (DL/UL/SL) 

If the Light Connection is introduced, it needs to be clarified whether the Light connected UE is required to perform data transmission and reception, i.e., downlink (DL), uplink (UL) and sidelink (SL). In the existing IDLE mode, only SL is allowed with “softly” controlled by the eNB, i.e., Type 1 or Mode 2 transmission within the configuration provided in SIB18/19 [16]
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[17], while DL and UL needs the control signalling in advance, e.g., Paging, RACH and/or RRC Connection Request [17][18]. In Connected mode, DL and UL are “tightly” controlled by the eNB, i.e., DL assignment and UL grant [18], while SL may require tight control, i.e., Type 2B or Mode 1 transmission by dedicated resource or SL grant [17]
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[18], depending on the eNB’s preference. 
The eMBMS services, i.e., MBSFN and SC-PTM, may be provided for both UEs in IDLE and Connected [16]
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[17], if the UE has its interest. If the Light Connection is somewhat an interlevel between the RRC states, it may be natural to allow the UEs to receive these services. 
Proposal 5 RAN2 should discuss on what the UE behaviour is for data transmission/reception over Downlink, Uplink and Sidelink in Light Connection. 
2.3.2. Measurements and reporting aspects (CSI/RLM/RRM) 
UEs in Connected perform the various types of measurements, i.e., CSI measurement, RLM measurement and RRM measurement, as well as measurement feedback/reporting [19]. On the other hand, UEs in IDLE only perform RRM measurement for cell reselection without reporting, i.e., UE-based mobility [16].  With Light Connection, it is necessity to discuss which of these measurements and feedback/reporting needs to be supported, which should depend on whether Light Connection is more like CONNECTED or IDLE. 
Proposal 6 RAN2 should discuss which measurement and reporting mechanisms, CSI feedback, RLM/RRM measurements, needs to be supported for Light Connection. 
2.3.3. Activation and deactivation aspects (SCell, SPS)
The SCell(s) could be configured for Carrier Aggregation and Dual Connectivity [17], and these are activated or deactivated by e.g., the MAC Control Element [18]. Also, SPS is configured for efficient delivery of e.g., VoLTE [17], and it’s activated by PDCCH scrambled with SPS-RNTI [18]. In the current specification, SCell(s)/SPS are de-configured when the UE transitions to IDLE, and it’s reconfigured as needed when/after the UE transitions back to Connected.  With Light Connection, it’s also necessary to define whether SCell(s) and SPS are deactivated or even de-configured. 
Proposal 7 RAN2 should discuss whether SCell(s) and SPS is deactivated or de-configured, when the UE transitions from CONN to Light Connection. 
2.3.4. Assistance information from UE aspects 

The current RRC supports many indications from the UE to assist with the eNB’s functional control of various mechanisms, i.e., Proximity Indication, In-device Coexistence Indication, UE Assistance Information (Power Preference Indication), MBMS Interest Indication, MBMS Counting Response and Sidelink UE Information [17]. In PHY layer, the sounding reference signal, SRS, is also used e.g., to estimate UL channel [19]. In Light Connection, it is necessary to discuss if any of the indications should still be supported by the UE. 
Proposal 8 RAN2 should discuss whether the UE in Light Connection continues the eNB assistance with Proximity Indication, In-device Coexistence Indication, UE Assistance Information, MBMS Interest Indication, MBMS Counting Response, Sidelink UE Information, and SRS. 
2.4. Other features 
2.4.1. Dual Connectivity 

In addition to SCell(s) discussed in section 2.3.3, it may be defined whether PSCell should be de-configured when the UE moves into Light Connection. If the PSCell is still applicable in Light Connection, it should also be discussed whether SCG Failure Indication [17] needs to be declared. 
Proposal 9 RAN2 should discuss whether PSCell is de-configured, when the UE moves into Light Connection. 
2.4.2. WLAN Interworking/aggregation (RALWI, RCLWI, LWA, LWIP) 

In Rel-12 and Rel-13, a couple of mechanisms for WLAN Interworking were developed, i.e. RAN-assisted and RAN-controlled LTE-WLAN Interworking solutions, RALWI/RCLWI. The LWI mechanisms allow the NW to control UE in Connected its traffic steering to/from WLAN by the dedicated RAN assistance parameter or the steering command [17]. After the UE transitions to IDLE, the configuration, which was set when the UE was in Connected, is still applicable during T350 is running [17]. In addition for RALWI, SIB17 may provide the RAN assistance parameters and controls the UE in IDLE as well as in Connected.  It should be further discussed how the UE performs RALWI/RCLWI under Light Connection. 
Proposal 10 RAN2 should discuss how the UE performs RALWI/RCLWI during Light Connection. 

In Rel-13, a set of WLAN aggregation solutions were specified, i.e., LTE-WLAN Aggregation (LWA) and one using IPsec tunnel (LWIP) [19]. The LWA bearer is routed over WLAN link and terminated at the eNB and the UE. Considering the Light Connection over Uu, it also needs to be clarified how the LWA configuration and LWA bearer(s) are handled when the UE is in Light Connection. 
Proposal 11 RAN2 should discuss how the LWA bearer(s) is handled in Light Connection. 
2.4.3. MDT 
The minimization of drive test, MDT, was introduced in Rel-10 and continuously enhanced onward. The MDT consists of two modes, i.e., Logged MDT for IDLE/Connected modes and Immediate MDT for Connected mode [20]. The MDT measurement log is sent over the measurement reporting when the UE is in Connected [17], wherein the logging continued even if the UE is in IDLE, in case of Logged MDT.  For Light Connection, it has to be discussed which MDT mode is supported. 
Proposal 12 RAN2 should discuss which MDT mode is supported for UEs in Light Connection. 

2.4.4. MCLD 
The multi-carrier load distribution, MCLD, supports the two redistribution mechanisms, the continuous redistribution scheme (CRS) and the one-shot scheme (OSS). These mechanisms is provided the redistribution parameter in SIB3/SIB5, and the UE in IDLE selects the redistribution target according to its IMSI upon either T360 expiry (CRS) or reception of the redistribution indication within the paging (OSS) [16]
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[17].  For Light Connection, the load redistribution mechanisms may be applicable since current assumption is that the UE should perform UE-based mobility [21]
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[22]
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[23]. 
Proposal 13 RAN2 should discuss whether load redistribution is supported in Light Connection. 
In addition to above, it may also have to discuss whether any enhancements are needed in the current features due to the introduction of Light Connection, e.g., some special handling such as an implicit deactivation/ de-configuration. 
Proposal 14 Additionally, RAN2 should also discuss whether any enhancements are necessary for the existing features due to the introduction of Light Connection. 
3. Conclusion 
In this contribution, the potential issues other than the paging aspect are identified for the introduction of Light Connection.  RAN2 is kindly asked to take into account the observations/proposals below: 
Observation 1
The UE in Light Connected is in the same or similar “substate” to ECM-Connected from the core network point of view. 
Proposal 1
RAN2 should start the discussion on the modelling of Light Connected from RRC point of view.
Observation 2
The RAN controlled “state” intended for NR seems to have commonalities with Light Connected.
Proposal 2
RAN2 should stick to the existing two states modelling, i.e., RRC Connected and IDLE, when Light Connected is defined in RRC. 
Proposal 3
The AS context should be available during Light Connected.
Observation 3
RRC Suspend-based Light Connection may be possible without any gain in Uu.
Observation 4
RRC Connected-based Light Connection may have the potential to improve the signalling overhead and the access latency in Uu, although the standardization efforts will be necessary in RAN2 to minimize the UE power consumption. 
Proposal 4
RAN2 should discuss which RRC state should be baseline for Light Connected, IDLE (including suspend/resume) or Connected. 
Proposal 5
RAN2 should discuss on what the UE behaviour is for data transmission/reception over Downlink, Uplink and Sidelink in Light Connection.
Proposal 6
RAN2 should discuss which measurement and reporting mechanisms, CSI feedback, RLM/RRM measurements, needs to be supported for Light Connection.
Proposal 7
RAN2 should discuss whether SCell(s) and SPS is deactivated or de-configured, when the UE transitions from CONN to Light Connection.
Proposal 8
RAN2 should discuss whether the UE in Light Connection continues the eNB assistance with Proximity Indication, In-device Coexistence Indication, UE Assistance Information, MBMS Interest Indication, MBMS Counting Response, Sidelink UE Information, and SRS.
Proposal 9
RAN2 should discuss whether PSCell is de-configured, when the UE moves into Light Connection.
Proposal 10
RAN2 should discuss how the UE performs RALWI/RCLWI during Light Connection.
Proposal 11
RAN2 should discuss how the LWA bearer(s) is handled in Light Connection.
Proposal 12
RAN2 should discuss which MDT mode is supported for UEs in Light Connection.
Proposal 13
RAN2 should discuss whether load redistribution is supported in Light Connection.
Proposal 14
Additionally, RAN2 should also discuss whether any enhancements are necessary for the existing features due to the introduction of Light Connection.
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