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1. Introduction
Based on the WF in RAN3#94 meeting [1], the following open issues are listed:
Issue 1: Paging Area of the UE in light connection
Issue 2: X2 context fetch supporting
Issue 3: Content of X2AP: RAN PAGING message and S1AP: Paging information IE

Issue 4: UE connects and no X2 available 

Issue5: eNB handling of unreachable UE in case of RAN paging failure

Issue 6: How should the new eNB decide the future UE mode

Issue 7: How to support CP signalling in Light connection
Issue 8: Possible Legacy functionality impact needs to be discussed if confirmed

Issue 9: MME awareness of whether the UE is in Light Connection or not
Issue 10: CN Paging Assisstance 
In this paper, we will analyze the open issues one by one and give our preference, and taking the LS reply from other groups into consideration as well.
2. Discussion
The CT1 and SA2 have discussed the impacts of LTE light connection, and have reached some conclusions which are shown in C1-170531 and S2-170698.
Issue 1: Paging Area of the UE in light connection
There are three options discussed in RAN2:
· Single cell/cell list

· TA list

· Paging area List

TA is usually configured to include several hundred of cells, this granularity is too large to reflect UE specific character based on UE mobility information and will lead to too much RAN paging messages via Xn interface. Cell list is not suitable for high speed UE when the UE specific notification area will be relatively large. It is not desirable to signal hundreds of cells to the UE when assigning UE specific notification area. Furthermore, Cell list may lead to more location update procedures, especially when single cell is used. 
The UE specific PA list can provide more flexibility than UE specific TA list. And considering that the complexity issue raised in the UE specific cell list, if the cell list needs to include the cells of neighbouring eNBs, the serving eNB/Anchor eNB needs to evaluate the cell status of the neighbouring eNBs timely. 
Based on the above analysis, taking the tradeoff between flexibility and signaling reduction, e.g., less RAN paging and location update, PA list is preferred.
Proposal 1: RAN paging area is configured by the RAN, PA list is preferred, while TA list can still be considered as some kind of compensation.

Issue 2: X2 context fetch supporting
The agreement is that new class2 message to carry forwarding GTP Tunnel info from the new eNB to the old eNB.
The open issue is whether a Data forwarding indication is necessary in X2: RETRIEVE UE CONTEXT RESPONSE message. On our understanding, the message includes forwarding GTP Tunnel info from the new eNB to the old eNB is only needed when there has DL data buffered in Anchor eNB. If a Data forwarding indication is not included in the RETRIEVE UE CONTEXT RESPONSE message, the new eNB can decide not to send the following new class2 message to carry forwarding GTP Tunnel info. 
However, there still has the possibility that the Anchor eNB will continue to receive the possible DL data from CN during X2 UE context fetch procedure. And it is not a big deal even the old eNB/Anchor eNB receives the new class2 message which carries forwarding GTP Tunnel info when there is no DL data needs to be forwarded, the old eNB/Anchor eNB just ignores this message without any subsequent handling.

Proposal 2: Support X2 context fetch,  the data forwarding indication in RETRIEVE UE CONTEXT RESPONSE message is not necessary.
Issue 3: Content of X2AP: RAN PAGING message and S1AP: Paging information IE
The RAN PAGING message shall at least include:
· UE identity index

· UE identity for RAN paging
· Paging DRX

· RAN paging area

· UE radio capability for paging (Optional)

· Assistance data for paging (Optional)

According to S2-170698, SA2 assumes and prefers RAN paging with Resume ID. RAN paging with S-TMSI has CN impacts that needs to be discussed with SA2 (e.g. S-TMSI changing during connected mode TAU).
Whether RAN paging DRX is the same as NAS UE specific DRX needs to be discussed in RAN2. On our opinion, when UE enters in light connection, the latency/power saving requirement may be different to idle state. The RAN specific paging DRX may need to be introduced. However, SA2 considers that if UE negotiated DRX with MME, MME provides the negotiated DRX to the RAN, it mandatory that the RAN paging DRX is the same as NAS UE specific DRX.
The assistance paging information IE in S1 AP shall at least include:
· UE identity index

· UE identity 

· Paging DRX

· TA list

· UE radio capability for paging (Optional)
· Assistance data for paging (Optional)
In S2-170698, SA2 will decide what kind of parameters in "Light Connection Assistance Information":

· Enable/Disable: MME provides enabling/disabling of the feature per UE.
· IMSI mod. X== UE identity index
· UE provided DRX== Paging DRX
· TAI-list
· periodic TAU timer: RAN is expected to have a periodic Update procedure that is lesser or equal to pTAU timer

Other parameters may be needed e.g. APN, DSCP for Paging Priority Differentiation.
Proposal 3: RAN3 is kindly asked to taking the above analysis into consideration for X2 AP Paging message, and the assistance paging information IE in S1 AP is pending to SA2.
Issue 4: UE connects and no X2 available 
The agreement is if S1 context fetch function is agreed it will be introduced via a new procedure.
There exists the scenario where no X2 is available between the serving eNB and the old anchor eNB, in this case, in order to ensure that LC can still workable without long latency and data loss, S1 context fetch function is better to be introduced.

For the S1 routing issue which was raised in last meeting, we assume that for the intra-MME mobility case, usually X2 interface will be deployed, no S1 context fetch function is needed in this case.
While for inter-MME pool case, the inter-MME S1 context fetch is for sure. When UE resumes at the new eNB connects with another MME with TAU, currently, if the new MME can get the identity to look for the source MME, e.g., GUTI(via TAU, GUTI can be used to find the old MME in the case of inter-MME pool), the new MME can find the old MME to get the UE context from old MME to new MME. Meanwhile, the RAN UE context fetch also can be achieved via new MME and old MME.
On the other hand, when new MME receives the S1 UE context fetch request message, if new MME does not check whether it has the UE context locally or it can not get the MME UE context from the old MME, it is not necessary to continue the S1 based UE context fetch procedure, which will be finally fail at S1 path switch procedure and introduce lots of unnecessary S1 signaling (S1 UE Context fetch and S1 path switch mesages). Usually, S-TMSI (S-TMSI==MMEC+M-TMSI) can be used to identify the UE context in MME side. 
Therefore, it is needed to include GUTI which can be used by MME to identify the UE context in old MME side and also can be used to looking for the old MME in the case of inter-MME mobility.
There is no consensus in SA2 on this topic, RAN3 is supposed to decide on this.
Proposal 4: Introduce S1 context fetch, to reduce the signalling over Uu and backhaul especially when the UE moves out of the RAN based paging area. Furthermore, GUTI can be used to identify the UE context in old MME side and also can be used to looking for the old MME in the case of inter-MME mobility.
Issue5: eNB handling of unreachable UE in case of RAN paging failure
SA2 concludes that the S1 release and Periodic Area Update (PAU) will solve this issue and no impact on MME. And CT1 concluded that there is a need to have a periodic update mechanism at the RRC level to replace the periodic TAU mechanism at NAS level, since the UE will not perform periodic TAU while in light RRC connection due to being in EMM-CONNECTED mode.
The eNB will trigger the NAS NON DELIEVERY towards the CN and trigger S1 UE context release.
Proposal 5: No standard effort is needed for this issue.

Issue 6: How should the new eNB decide the future UE mode
There are two options discussed (no conclusion in last meeting):
Option 2: Target eNB makes decision without recommendation from old eNB


Standard impact: None
Option 3: Target eNB makes the decision with recommendation from old eNB

In this solution, the old eNB provides suggestion (suspend, release) to the new eNB in RETRIEVE UE CONTEXT RESPONSE message, and then the new eNB makes the decision on whether to suspend the UE, or move the UE to light connection mode, or fully release the UE after context fetch.

Standard impact: add one optional Recommendation Information IE in RETRIEVE UE CONTEXT RESPONSE message, defined as ENUMERATED (suspend, release, …,).

On our understanding, the old anchor eNB can decide whether the context fetch procedure and anchor node relocation are needed or not. For example, if no data transferring is needed (e.g., Periodic Area Update without service request), or it is not a latency sensitive UE, then it is not necessary to relocate the anchor node to the new eNB for this UE, and old anchor eNB can still suggest to keep UE in inactive mode.  
In this case, it seems helpful that the old anchor eNB provides suggestion (suspend/keep inactive, release) to the new eNB in RETRIEVE UE CONTEXT RESPONSE message.

Proposal 6: It seems helpful that the old anchor eNB provides suggestion (suspend/keep inactive, release) to the new eNB in RETRIEVE UE CONTEXT RESPONSE message.

Issue 7: How to support CP signalling in Light connection
In S2-170698, handling of NAS messages for UE mobility in Light Connection is the same as with regular connected mode mobility when the MME sends NAS message to source eNB while X2-based handover is initiated with NAS NON DELIVERY IND.
UE moving to regular connected mode in different eNB from anchor eNB looks like X2-based HO to CN.
Proposal 7: CP signalling handling is the same as with regular connected mode mobility, while a new cause value may be needed or reusing the current cause value, e.g., “X2 Handover triggered”.
Issue 8: Possible Legacy functionality impact needs to be discussed if confirmed
SA2 decides that CN can enable/disable LC when UE context is established in RAN. LC will not be used when eDRX or PSM are enabled.
SA2 will decide how to handling of MT CSFB/SMS as in S2-170698.

Proposal 8: How to handling of MT CSFB/SMS is pending to SA2.
Issue 9: MME awareness of whether the UE is in Light Connection or not
In last meeting, the WA in RAN3 is MME is not aware when UE moves to LC. And RAN2 also agreed in RAN2#96 meeting that the ECM state is ECM-CONNECTED, from perspective of network.
Proposal 9: MME is not aware of whether the UE is in Light Connection or not.
Issue 10: CN Paging Assisstance 
According to WF, CN Paging Assistance is triggered if the serving eNB decides that the paging scope for RAN paging has to be extended by S1AP signalling means, e.g. when the serving eNB did not reach the UE by X2 paging:
Three options for CN Paging Assistance have been discussed:

1)
The UE Context in the anchor eNB is kept in “light connected mode”. The anchor eNB keeps the control of the overall paging process.
2)
The UE Context in the anchor eNB is kept in “light connected mode”. The anchor eNB “hands over” the responsibility of the paging process to the serving MME.
3)
The UE Context in the anchor eNB is released. The MME is in responsible to page the UE.

The WF in SA2 is that RAN performs paging retry, after persistent error and based on local configuration need to release S1 connection and MME locally turns the UE's context to EMM-IDLE, normal reachability follows. Before releasing S1 connection RAN sends NAS NON DELIVERY NOTIFICATION to CN. UE remains in light connected in this scenario. (SA2 expects legacy behaviour from CN).

As the S1 UE context is released, since RAN is expected to have Periodic Area Update (PAU), the UE context will be newly setup in the new serving eNB, and then the new serving eNB makes the decision on whether move the UE to light connected mode or not.
Similar as Issue5, and taking SA2 feedback into consideration, option3 is preferred, which has no impact on MME.
Proposal 10: Option3) is proposed to be selected.
3. Conclusions
Here we propose:
Proposal 1: RAN paging area is configured by the RAN, PA list is preferred, while TA list or cell list can still be considered as some kind of compensation.
Proposal 2: Support X2 context fetch, the data forwarding indication in RETRIEVE UE CONTEXT RESPONSE message is not necessary.
Proposal 3: RAN3 is kindly asked to taking the above analysis into consideration for X2 AP Paging message, and the assistance paging information IE in S1 AP is pending to SA2.
Proposal 4: Introduce S1 context fetch, to reduce the signalling over Uu and backhaul especially when the UE moves out of the RAN based paging area. Furthermore, GUTI can be used to identify the UE context in old MME side and also can be used to looking for the old MME in the case of inter-MME mobility.
Proposal 5: No standard effort is needed for this issue.
Proposal 6: It seems helpful that the old anchor eNB provides suggestion (suspend/keep inactive, release) to the new eNB in RETRIEVE UE CONTEXT RESPONSE message.
Proposal 7: CP signalling handling is the same as with regular connected mode mobility, while a new cause value may be needed or reusing the current cause value, e.g., “X2 Handover triggered”.
Proposal 8: How to handling of MT CSFB/SMS is pending to SA2.
Proposal 9: MME is not aware of whether the UE is in Light Connection or not.
Proposal 10: Option3) is proposed to be selected.
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