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1. Introduction
In RAN3#93bis meeting, the open issues for LC were identified and captured in the WF [1].
In this contribution, we will further discuss the open issues and provide relevant observations and proposals.

2. Discussion
Open Issue 1: Paging Area of the UE in light connection

Issue 1.1: whether the RAN Paging area is UE specific or not?
The RAN paging area could be UE specific, e.g. eNB configure specific cells/TAs for each UE. In this case, one cell maybe included in different PAs for different UEs, e.g. cell1 may be included in PA1(cell 1,2,3), PA2(1,3,5), PA3(1,2,4). For this approach, the scope of each PA should be decided by the anchor eNB according to its algorithm, the implementation or some other assistant information. That means PA is dynamically.
The RAN paging area could also be non-UE specific, static area for each PA is deployed base on the operator’s strategy, implementation of the RAN nodes. In this case, one cell only belongs to one PA, e.g. PA1 (cell 1, 2, 3, 4, 5) should be same for all the UEs in its coverage. That means PA is statically or semi-statically.
Proposal 1: the RAN paging area could be either UE specific or non-UE specific; it should be decided by the anchor eNB according to the network deployment, the algorithm, the implementation etc.
Issue 1.2 which options to support?

As has been agreed in the last meeting, Option 1 and 2 require communication of the Paging Area to the UE via RRC means, and are pending to RAN2 discussion.

Due to the Option 3, the anchor eNB may need to request for the TAI list from the MME to page the UE. Then the anchor eNB triggers the RAN paging within the scope of TAI list. The anchor eNB could learn the TAIs of the neighbor eNBs via X2 and relay the paging request via X2. However, the anchor eNB may not able to reach all of the eNBs within the TAI list via X2 interface.
Observation 1: the anchor eNB may not be able to reach all of the eNBs within the TAI list via X2 interface.
Proposal 2: For the scope of Paging Area, the selections between the 3 options should be pending on RAN2 discussion.

First of all, Retrieve UE Context procedure could be reused for context fetch in X2 for LC. 
Considering the data forwarding:
For the UP data buffered in the anchor eNB, the target eNB needs to provide the GTP tunnel to the anchor eNB to support the data forwarding. We understand that to enhance UE Context Release to include the GTP tunnel(s) is a good choice. Upon receiving of the UE Context release, the anchor eNB could forward the buffered data to the target eNB before release the UE context if the GTP tunnel(s) exist.
For the option 2 and 3 as discussed in the last meeting, X2 context retrieve procedure need to be enhanced to include a flag in the Context Retrieve Response message to indicate if there’re data to be forwarded. We think it’s not necessary to include this indicator.  That means the target eNB does not need to know if there’s buffered data in the anchor eNB, it will include the GTP tunnel(s) in the UE Context Release message or the new defined message if it expects data forwarding from the old eNB. 
Observation 2: It’s unnecessary to enhance the X2 retrieval procedure to indicate there’s data buffered in the anchor eNB to be forwarded.

Base on the above observation, we can simplify the option 2 and option 3 as below: 
· Option2a: Enhanced UE Context Release to carry GTP Tunnel info

· Option3a: New Message to carry GTP Tunnel info
For option 2a, no new signalling is involved for the data forwarding, but maybe it’s a bit late to provide the GTP tunnel endpoints to the old eNB in the UE Context Release message.
For the option 3a, a new class 2 message need to be introduced in X2, the benefit is the GTP tunnels for data forwarding could be provided to the old eNB immediately after X2 retrieval.
Proposal 3: Option 2a and 3a could be used for the data forwarding after X2 Context Retrieval.
· Option2a: Enhanced UE Context Release to carry GTP Tunnel info

· Option3a: New Message to carry GTP Tunnel info

For RAN-initiated paging, the following agreements have been made in the RAN2#95bis meeting:
Following the agreements of RAN2, “IMSI mod x” is to be used for paging occasion calculation and the legacy RRC paging message is to be reused (with extensions if necessary). That means “IMSI mod x” can be used to calculate PO/PF for the RAN initiated paging, and S-TMSI can be used as the paging ID in RRC paging message. 
For legacy paging, “IMSI mod x” and S-TMSI are provided to the eNB in the S1 PAGING message. But for the lightly connected UE, S1 connection is kept and the downlink data or signalling will trigger the RAN initiated paging. To support RAN initiated paging, the anchor eNB need to save the “IMSI mod x” and S-TMSI, and provide them to the non-anchor eNBs in the paging area via X2 interface.

Proposal 4: “IMSI mod x” and S-TMSI should be included in X2 PAGING message.

For the other information included in S1 PAGING message, e.g. Paging DRX, UE Radio Capability for Paging, Paging eDRX Information etc. should also be included in the X2 paging message. This requires eNB to save the content of the S1 paging message during idle mode paging, and the information will be used for RAN initiated paging.
Observation 3: eNB need to save the content of S1 paging message in the idle mode, and the information will be used for RAN initiated paging when UE enters lightly connected mode.

However, if the UE is never been paged in the idle mode, how to provide the above information for RAN initiated paging? Maybe a new class 1 S1 signalling is to be introduced to retrieve paging information from MME. Then anchor eNB could use this new signalling to get the UE specific paging info before trigger the RAN initiated paging.
Proposal 5: in case there’s no valid information for RAN paging is stored in the anchor eNB, new S1AP procedure should be introduced to retrieve the UE specific paging info from MME.

First of all, we should assume the X2 interface is available between all the eNBs in one PA. In case of UE movement among the eNBs in a PA, the X2 context fetch should be applicable. 
In case of UE moves out of a certain PA, PA update and context fetch procedure should be done between the new eNB and the anchor (old) eNB. What we discussed here is whether need to support S1 context fetch if no X2 available. This issue is quite similar to the CIoT, when UE moves to the eNB different with the one UE is suspended, and there’s no available X2 interface between the eNBs. At that time, there’s similar discussion on whether S1 CF is needed and how to support it, and finally we selected do nothing in S1.
To our understanding, different with MO call and MT call, PA update is not time sensitive, use release and recovery procedures should be acceptable.
Proposal 6: S1 CF is not necessary for LC, release and recovery procedures should be acceptable.

If RAN paging is triggered by DL signalling, NAS NON DELIVERY INDICATION  + eNB initiated UE CONTEXT RELEASE REQUEST could be used in case of RAN paging failure, MME may trigger thenS1 paging after UE context is released, and MME could retransmit the NAS Data if UE is successfully paged.
Proposal 7: If RAN paging is triggered by DL signalling, NAS NON DELIVERY INDICATION + eNB initiated UE CONTEXT RELEASE REQUEST could be used in case of RAN paging failure.

If RAN paging is triggered by DL data, two options could be selected:
· Option 1: Discard the buffered data, and start eNB initiated UE CONTEXT RELEASE REQUEST procedure.

· Option 2: Forward back the downlink data to S-GW + UE CONTEXT RELEASE REQUEST procedure, how to forward back the downlink data to S-GW, here’re some potential solutions:
· Option 2a: new class 1 S1 procedure to get GTP tunnel endpoint of S-GW.

· Option 2b: Enhance S1AP HANDOVER REQUIRED and HANDOVER COMMAND to get the GTP tunnel endpoint of the S-GW.

· Option 2c: Enhance the S1AP UE CONTEXT RELEASE REQUEST and UE CONTEXT RELEASE COMMAND to get the GTP tunnel endpoint of the S-GW.
For the option 1, the buffered data will be discarded, and then S1 connection will be released. MME may trigger the S1 paging in case of new data arrival. In this case, TCP/IP layer can do the retransmission for the data which was discarded by the eNB.
For the option 2, three potential solutions are provided above to get the GTP tunnel endpoint in order to support data forwarding to S-GW. 
· For Option 2a, eNB can get the GTP tunnel endpoint of the S-GW via the new class 1 S1AP procedure, not impact the legacy procedures.

· For Option 2b, reuse the legacy procedures, MME can send the GTP tunnel endpoint of the S-GW in the HO COMMAND message. As this is not a typical handover procedure, HANDOVER REQUEST is not required. The handling of HANDOVER REQUIRED is not same as legacy, a special indicator or new cause value need to be included in HANDOVER REQUIRED. Anyway, it impact the spec of S1 handover procedure, this is not preferred.

· For Option 2c, reuse and enhance the legacy S1AP UE CONTEXT RELEASE REQUEST and UE CONTEXT RELEASE COMMAND. The special indicator or new cause value need to be introduced in UE CONTEXT RELEASE REQUEST message, and the GTP tunnel endpoints should be introduced in UE CONTEXT RELEASE COMMAND to deliver forwarded DL PDCP SDUs. The benefit of this option is S1 signallings are saved, no need specific signallings to get the GTP tunnel endpoints of the S-GW. 
Which option to be selected should depend on the probability of RAN paging failure. If RAN paging failure is rare case or corner case, data forwarding to S-GW is not essential, option 1 can be selected. Or else, we should decide a data forwarding solution for downlink data in case of RAN paging failure, option 2c is preferred. 
Proposal 8: S1AP UE CONTEXT RELEASE REQUEST could be used to inform the Core Network that the UE is unreachable (RAN paging is failed).
Proposal 9: S1AP UE CONTEXT RELEASE REQUEST and UE CONTEXT RELEASE COMMAND could be enhanced to support data forwarding from eNB to S-GW in case of UE is unreachable.

LS [2] has been agreed and sent to RAN2 in RAN3#93bis meeting, thus we should wait for the response of RAN2 first to decide how to go forward. 
Observation 4: Which node to decide the suspension is pending to RAN2.

It is common understanding that the RAN based paging also applies to the case when the DL signalling (e.g. NAS PDU) received by the eNB from MME. So, there’s problem whether the data forwarding is needed and how to support it when UE is successfully paged in the eNB other than the anchor eNB.
7.1 should NAS Data be forward to the new eNB?

Obviously, the answer should be yes. Downlink NAS Data triggered the RAN paging, after paging success, the data should be sent to UE.

Observation 5: NAS Data should be transferred to the new eNB where the UE response the paging.

7.2 How to forward the data to the new eNB?

Here’re some potential solutions, some of them have been raised in the last meeting:

· Option 1: Anchor eNB send NAS NON DELIVERY INDICATION to MME, MME will re-send the NAS Data later to the new eNB after Path switch.
· Option 2: Forward NAS Data over X2, using new Class1 signalling.
· Option 3: Forward NAS Data over X2, enhancement of Retrieve UE Context Response to include NAS-PDU list.
For the option 1, reuse the legacy signallings to support NAS-PDU retransmission, there’s no standard impact. However, how to retransmit the non-delivered NAS-PDU is decided by MME, the latency cannot be guaranteed.

For the option 2, define new class 1 X2 signalling to forward the NAS PDU. It should be a feasible solution, however we should consider if any legacy signalling can be reused to forward the NAS-PDU with necessary enhancement.

If UE responses the paging in the eNB other than anchor eNB, the new eNB will trigger X2 CF procedure to retrieve the UE context from the anchor (old) eNB. So, we can further enhance the Retrieve UE Context Response message to include the buffered NAS-PDU(s), this is what we proposed in option 3. Compared to option 2, a pair of X2 signallings could be saved.
Observation 6: Data forwarding need to support one or more NAS-PDUs.

Proposal 10: Introduction of a NAS-PDU list in the Retrieve UE Context Response message could be used to forward the buffered NAS-PDU(s) to the new eNB over X2. 

3. Conclusion
In this contribution, we further discussed the open issues for Light Connection and provided the following observations and proposals:
Proposal 1: the RAN paging area could be either UE specific or non-UE specific; it should be decided by the anchor eNB according to the network deployment, the algorithm, the implementation etc.

Observation 1: the anchor eNB may not be able to reach all of the eNBs within the TAI list via X2 interface.

Proposal 2: For the scope of Paging Area, the selections between the 3 options should be pending on RAN2 discussion.
Observation 2: It’s unnecessary to enhance the X2 retrieval procedure to indicate there’s data buffered in the anchor eNB to be forwarded.

Proposal 3: Option 2a and 3a could be used for the data forwarding after X2 Context Retrieval.

· Option2a: Enhanced UE Context Release to carry GTP Tunnel info

· Option3a: New Message to carry GTP Tunnel info
Proposal 4: “IMSI mod x” and S-TMSI should be included in X2 PAGING message.

Observation 3: eNB need to save the content of S1 paging message in the idle mode, and the information will be used for RAN initiated paging when UE enters lightly connected mode.

Proposal 5: in case there’s no valid information for RAN paging is stored in the anchor eNB, new S1AP procedure should be introduced to retrieve the UE specific paging info from MME.

Proposal 6: S1 CF is not necessary for LC, release and recovery procedures should be acceptable.
Proposal 7: If RAN paging is triggered by DL signalling, NAS NON DELIVERY INDICATION + eNB initiated UE CONTEXT RELEASE REQUEST could be used in case of RAN paging failure.

Proposal 8: S1AP UE CONTEXT RELEASE REQUEST could be used to inform the Core Network that the UE is unreachable (RAN paging is failed).
Proposal 9: S1AP UE CONTEXT RELEASE REQUEST and UE CONTEXT RELEASE COMMAND could be enhanced to support data forwarding from eNB to S-GW in case of UE is unreachable.
Observation 4: Which node to decide the suspension is pending to RAN2.
Observation 5: NAS Data should be transferred to the new eNB where the UE response the paging.

Observation 6: Data forwarding need to support one or more NAS-PDUs.

Proposal 10: Introduction of a NAS-PDU list in the Retrieve UE Context Response message could be used to forward the buffered NAS-PDU(s) to the new eNB over X2. 
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Agreements:


1    For the RAN-initiated paging occasion calculation, the preferred UE ID is "IMSI mod x" design (similar to legacy paging calculation), as per option d) in R2-166688.


2    The RRC RAN-initiated paging message is defined reusing (with extensions if necessary) legacy RRC paging message, as per option a) in R2-166688.








Open Issue 1: Paging Area of the UE in light connection


There are several options, include:


Option1: a list of Cells


Option2: a list of PA ids


Option3: a list of TAIs


Option 1 and 2 require communication of the Paging Area to the UE via RRC means, and are pending to RAN2 discussion.


There are questions on whether the RAN Paging area is UE specific or not, and which option(s) to support, to be continued next meeting.





Open Issue 2: X2 context fetch supporting


It is common understanding that the X2 Context fetch with data forwarding needs to be supported.


There are several options to support X2 Context fetch with data forwarding, include:


Option1: New message + Existing X2 HO


Option2: Enhanced X2 retrieval + Enhanced UE Context Release


Option3: Enhanced X2 retrieval + New Message to carry GTP Tunnel info


There is no agreement on which option to use, to be continued next meeting.





Open Issue 3: Content of X2 PAGING message


Which IEs to be carried in X2 PAGING message is pending to RAN2 discussion.


There is no agreement on the content of X2 PAGING message, to be continued next meeting based on RAN2 progress.





Open Issue 4: UE connects and no X2 available 


There are several options, include:


Option1:  new S1 context fetch procedure


Option2: new message/IE  + Existing S1HO


Option3: use release and recovery procedures.


There is no agreement on if and how to support S1 context fetch, to be continued next meeting.








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


If the DL data or signalling arrives at the eNB for a light connected UE, in case the RAN based paging failed (e.g. poor radio, or power off, etc), how to inform the Core Network that the UE is unreachable (e.g. in support of “Messages-Waiting” function in SMS)?


Potential eNB handling is that the eNB triggers the S1 UE context release, and before that send NAS NON DELIVERY INDICATION to the MME if needed.


There is no agreement on the mentioned handling above, to be continued next meeting.





Open Issue 6: Which node to decide the suspension


When the light connected UE moves to a new eNB, if the network would like to suspend the UE, there is no agreement on which node to decide the suspension, the new eNB or the old eNB?


There are two options to suspend the UE, include:


Option1: old eNB to decide the suspension, send X2 suspend indication/send reject with a suitable cause value to new eNB, new eNB reject the UE’s request and the UE turns into idle (suspend).


Option2: X2 context fetch + new eNB to decide and trigger UE suspend.


There is a concern that independence of RRM should be a common understanding, it is questionable on the scheme where a “remote” eNB decides on behalf of the eNB that provides resources to the UE.


There is no agreement on which node to decide the suspension and how, to be continued next meeting. 








Open Issue 7: How to support CP signalling in Light connection 


It is common understanding that the RAN based paging also applies to the case when the DL signalling (e.g. NAS PDU) received by the eNB from MME.


It is FFS will NAS Data be forwarded over X2.


It is FFS how to handle the Class1 signalling in case the UE response the paging to a new eNB.


There is need of detailed discussion for which procedure to use, to be continued next meeting.
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