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Abstract of the contribution: Discussion on LTE_Light_Connection objectives and propose a way forward on UE reachability management.
1.	Discussion
TSG#75 decided to halt all normative work on LTE Light Connection in Rel-14: no CRs were approved. The normative work is on hold for the time being, subject to the conclusions of a new study (SP-170280), led by SA2, started at SA#75. This study is planned to conclude in June 2017.
This contribution addresses signalling and UE power consumption aspects of Light Connection
2.	Background
The RAN2 lead work item in RP-160540 LTE_ LIGHT_CON list a number of objectives that are good to discuss.
1. Signalling reduction due to handover, considering UE centric mobility, e.g. cell (re)-selection. (RAN2/3, Q3/2016) 
2. Signaling reduction due to Paging, considering limiting the Paging transmission within a more limited area. (RAN2/3, Q2/2016) 
3. Signalling reduction to CN over S1 interface due to mobility and state transitions by hiding them from CN. (RAN2/3, Q3/2016) 
4. UE context storage and retrieval along with UE mobility across different eNBs. (RAN3/2, Q3/2016)
5. The solution shall enable the UE power consumption to be comparable to that one in RRC_IDLE.
The new state “RRC_LIGHT-CONNECTED”, from the UE perspective, is analogous to RRC_IDLE mode. The network decides to keep the UE in the light connected state instead of releasing the RRC connection and transition to RRC_IDLE. Therefore it is important to compare RRC_Light_Connected/ECM_CONNECTED with RRC_IDLE/ECM_IDLE.
3.	Discussion
3.1 	Signalling reduction due to handover, considering UE centric mobility 
RAN groups have defined a RAN-based paging area, which may consist of a list of cells belonging to one or more eNBs or a list of Tracking Areas [1]. The UE in light connected state notifies the network when exiting this area. A few observations can be made based on this:
1) If the UE stays within the RAN area, the UE does not send any updates due to mobility
2) The UE triggers a RAN paging area update when it moves outside the RAN area (or upon timer expiry) [2] by initiating resumption of the RRC connection. In this case the network may have defined a RAN area too small for the UE mobility. 
3) Upon successful resumption, the UE receives an RRC connection resume providing the UE with a new RAN paging area.
4) The RAN paging area update in light connected state triggers X2AP and S1AP signalling exchange to transfer the UE context between the old and new eNB, switch the S1 tunnels (S1U and S1-MME) to the new eNB and release the UE context from the old eNB, similar to the handover procedure. Compared to the RRC resume procedure, additional signalling is required by the use of the forwarding tunnel information procedure [1].
Given the above, it is important to define the RAN-based paging area so the statistical likelihood of UE mobility outside this area remains small. If not, the signalling on S1 will increase compared to RRC_IDLE/ECM_IDLE. Said otherwise, S1 signalling reduction is not guaranteed by Light Connection.
3.2 	Signaling reduction due to Paging, considering limiting the Paging transmission within a more limited area.
Light Connected state is not seen by the MME; the Core Network considers the UE in ECM connected and forwards DL data to the anchor cell. The anchor cell handles the paging strategy in order to deliver the DL data. The RAN paging strategy and the legacy MME paging strategy are implementation-specific, therefore it is hard to compare them. One RAN paging strategy could be to first page in the anchor cell and then escalate to the whole RAN paging area. One MME paging strategy could be to first page in the last known cell, cluster of cells, TA, and TAlist. A few observations can be made based on this:
1) RAN-based paging does not require any S1_MME signalling, no paging request needs to be sent. However, the first batch of Downlink IP packets is sent from the SGW to the RAN anchor cell over S1u.
2) If the UE has remained in the last cell or RAN anchor cell, then the page should be successful. In this case, RRC_Light_Connected is better, since no S1 signaling was required.
3) If the UE have moved to another cell in the RAN area, then both solutions needs to use similar RAN paging resources to page the UE (RAN area vs. cluster of cells). Again, no S1_MME resources have been used to send the page request message to the RAN cell. However in this case the RAN buffers (first batch of IP packets) needs to be transferred over X2 to the new serving cell and the S1u and S1_MME tunnels needs to be moved to the new serving cell generating S1_MME signaling. X2 HO procedure is assumed.
Mobility within the RAN area followed by UE access to an eNB other than the anchor eNB triggers S1 signaling and X2 signaling to transfer UE context, buffers and move tunnels. Furthermore the DL data will be sent across two reference points (S1u+X2) compared to only one reference point (S1u). 
Signalling reduction is only expected, if the UE is not changing anchor eNB (i.e. reduced mobility), 
3.3 	Signalling reduction to CN over S1 interface due to mobility and state transitions by hiding them from CN.
This case is related to the discussion on clause 3.1. Whether a signalling reduction is possible requires comparing the signalling generated by HO procedures upon mobility across RAN areas with that generated by the legacy transition from ECM-Connected to ECM_Idle and the release/establishment of S1. Under certain UE mobility scenarios, one solution is more efficient than the other, however under other mobility scenarios the other solution will be more efficient. No clear advantage is seen from Light Connection, it depends on mobility scenario.
3.4 	UE context storage and retrieval along with UE mobility across different eNBs
UE context transfer due to mobility across different eNBs is similar to the UE context transfer of the Resume/Suspend feature. In RRC_Light_Connected state also the S1u and S1_MME tunnel context needs to be transferred upon UE mobility across different eNBs, thus generating additional signalling. 
3.5 	The solution shall enable the UE power consumption to be comparable to that in RRC_IDLE.
No UE signalling is triggered as long as the UE remains contained within the RAN paging area (and it is not paged, and has no UL transfer to initiate). Leaving the RAN-based paging area triggers radio interface signalling from the UE. In addition, neither PSM or I-eDRX apply while a UE is in Light Connected state hence the associated benefits cannot be reaped.
Higher UE power consumption is expected by using Light Connection, for UEs with mobility across RAN based paging area.

4.	Conclusions
If the UE have no mobility, it is clear that RRC_Light_Connection will reduce the signalling in the core network. In this case the UE power consumption in unaffected compared to a UE using legacy Resume/suspend feature, for UEs expected not to use I-eDRX or PSM.
If the UE moves within the RAN-based paging area, it is likely that the HO procedure to move RAN buffers and S1 tunnels will consume less network resources than setting up new S1 tunnels. However the gain is marginal. Also in this case the UE power consumption is unaffected, for UEs expected not to use I-eDRX or PSM.
If the UE moves across RAN-based paging areas, then the HO procedures every time it happens might consume more network resources than setting up new S1 tunnels next time the UE transitions from ECM_IDLE to ECM_CONNECTED. Furthermore the UE power consumption will increase compared to RRC_IDLE due to the extra mobility updates and new RAN area configurations.
Proposal 1: Do not allow UE mobility updates and associated HO procedures to be executed due to mobility across RAN-based paging areas while in RRC_Light_Connected state. Instead, use CN assisted paging escalation in case the RAN-based paging failed.
Proposal 2: Document the above evaluations in TR23.723  
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Even though much of the service continuity procedure will happen in RAN, some CN aspects needs to be handled.
5. Proposal
It is proposed to include the following changes to TR 23.723
* * * Start of changes ALL new text* * * *
5.x	Issue #x Excess Signaling and UE power consumption due to frequent UE mobility across RAN based paging area borders
Editor's note: New issue compared to S2-170698. 
When a UE moves across the RAN-based paging area border, the UE will perform signalling e.g. RAN Area Update triggering HO procedure. There is an issue that cCertain UE mobility scenarios will generate frequent mobility updates:
- Mismatch between the RAN area configuration and the actual or changed UE mobility.
- In the solution agreed by RAN2 in TS 36.331 CR2648r2 (agreed at RAN2#97 as R2-1702348), each time a UE would select a HeNB (whatever the HeNB is in closed mode, hybrid mode or open mode), the UE will enter IDLE mode and would perform NAS and S1 signalling for UE-CN state re-synchronization. When the UE leaves the HeNB, it will be moved to Light Connection state, which will also generate signalling. This can happen frequently e.g. in shopping malls, and the corresponding signalling load should be evaluated.
In case the above occurs then a solution is needed to stop or avoid the excess S1, X2, and UE mobility signalling and, resulting in the increased UE power consumption. and increased network signalling load. This is contradicting to the overall goal of the RAN feature RRC_Light_Connected. Solutions to mitigate this effect needs to be investigated.
* * * End of changes * * * *
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