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1 Introduction
In RAN2#83bis, both MSA UP architecture 1A and 3C are down selected as the solutions. This paper tries to identify the specific issues to support the MSA UP architecture 1A.

2 Discussion
Basically, the UP architecture 1A can reuse the procedures in the [1] expect for the following potential issues.
2.1 Data Forwarding

For MSA UP architecture 1A, the S1-U is terminated in SeNB. An E-RAB could be switched between eNBs in following case:

· E-RAB is switched from MeNB to SeNB;

· E-RAB is switched from SeNB to MeNB;

· E-RAB is switched from one SeNB to anther SeNB.

In order to avoid data loss, the user data should be forwarded between MeNB and SeNB or between SeNBs, especially for RLC-AM bearers. 

Proposal 1: Data forwarding is necessary when an E-RAB is switched to support 1A.

2.2 Path Switch

In addition to data forwarding, the UP path should be switched as shown in the Figure 1:
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Figure 1: UP Path Switch for Architecture 1A
However, reusing current Path Switch Request procedure has some issues which need to be solved or enhanced.
Issue 1: UE associated logical S1-Connection Re-establishment

Currently, upon UE accessing the target eNB, the eNB shall allocate an eNB UE AP ID in PATH SWITCH REQUEST message and MME may allocate a new MME UE S1AP ID in PATH SWITCH REQUEST ACKNOWLEDGE message. And then a new UE-associated logical S1-connection shall be established at reception of the PATH SWITCH REQUEST ACKNOWLEDGE message based on the new IDs. 

	TS 36.413 8.4.4 Path Switch Request
….

After all necessary updates including the UP path switch have been successfully completed in the EPC for at least one of the E-RABs included in the PATH SWITCH REQUEST E-RAB To Be Switched in Downlink List IE, the MME shall send the PATH SWITCH REQUEST ACKNOWLEDGE message to the eNB and the procedure ends. The UE-associated logical S1-connection shall be established at reception of the PATH SWITCH REQUEST ACKNOWLEDGE message.


Observation 1: The UE associated logical S1-connection shall be re-established at reception of the PATH SWITCH REQUEST ACKNOWLEDGE message.
To support UP 1A, the increasing number of Path Switch Request procedures can be anticipated since the procedure should be performed at every E-RAB switch from one eNB to another (i.e. from MeNB to SeNB and  from SeNB to SeNB). And UE associated logical S1-connection re-establishment has impact on other ongoing S1 UE-associated procedures and UE context maintenance in MeNB. 

Conclusion 1: The UE associated logical S1-connection re-establishment issue should be solved to support UP 1A.

Issue 2: E-RAB Release

For X2 handover, MME shall release the E-RAB which is not included in the E-RAB To Be Switched in Downlink List IE as specified:

	TS 36.413 8.4.4 Path Switch Request
….
If the ‎E-RAB To Be Switched in Downlink List IE in the PATH SWITCH REQUEST message does not include all E-RABs previously included in the UE Context, the MME shall consider the non included E-RABs as implicitly released by the eNB.


Observation 2: The non-included E-RABs in Path Switch Request shall be released by MME and eNB
For UP 1A, it is not clear that which E-RABs should be included in the E-RAB To Be Switched in Downlink List IE in case the MeNB only decides to switch part of E-RABs to SeNB. One possible solution is MeNB includes all E-RABs in the E-RAB To Be Switched in Downlink List IE, however, the impact on core network is not clear. The MME and SGW may not have the capability to handle the case that only partial E-RAB’s downlink GTP tunnelling endpoints are updated.  The core network may refuse the Path Switch Request procedure depending on the specific implementation and then the UE shall be detached due to path switch failure. And the core network may decide to update the uplink GTP tunnelling endpoints for all E-RABs which shall cause unnecessary traffic interruption for uplink data transmission.

Conclusion 2: How to handle E-RAB To Be Switched in Downlink List IE should be studied to supported UP 1A.
Issue 3: UE Security Context
The Security Context IE which includes one pair of {NCC, NH} is mandatory in the PATH SWITCH REQUEST ACKNOWLEDGE message. The means the MME shall increase its locally kept NCC value by one and compute a new fresh NH in every Path Switch Request procedure.

	TS 33.401 7.2.8.4.2 X2-handover

……
When the target eNB has completed the handover signaling with the UE, it shall send a S1 PATH SWITCH REQUEST to the MME. Upon reception of the S1 PATH SWITCH REQUEST, the MME shall increase its locally kept NCC value by one and compute a new fresh NH by using the KASME and its locally kept NH value as input to the function defined in Annex A.4. The MME shall then send the newly computed {NH, NCC} pair to the target eNB in the S1 PATH SWITCH REQUEST ACKNOWLEDGE message. The target eNB shall store the received {NH, NCC} pair for further handovers and remove other existing unused stored {NH, NCC} pairs if any. 


The NCC value shall wrap around after 8 times E-RAB switch which is possible since there are many small cells within MeNB.  If NCC value wraps around, the call shall be dropped.

Conclusion 3: The mandatory IE Security Context {NCC, NH} should be studied to support UP 1A.

Issue 4: Path Switch Failure

For X2 handover, Path Switch Failure includes:

· If the EPC fails to switch the UP path for at least one, but not all and default bearer, of the E-RABs in the PATH SWITCH REQUEST E-RAB To Be Switched in Downlink List IE, the MME  shall trigger to release the E-RAB (TS 36.413 8.4.4);

· If none of the default EPS bearers or all E-RABs have been switched successfully in the core network, the MME shall send a Path Switch Request Failure message to the target eNodeB. The MME performs explicit detach of the UE.

For UP 1A, it is also possible that EPC fails to switch the UP path for some E-RABs which may cause E-RAB release or UE detach unnecessarily if MeNB is still capable to transfer the bearer.  The issue is more serious in case a default bearer is failed to switch which will cause UE detach.

Conclusion 4: The path switch failure issue should be studied to support UP 1A.

 Compared with UP 3C, above additional issues have to be solved to support UP 1A. Then we propose:

Proposal 2: The issues in Path Switch Request procedure should be taken into account.
2.3 QoS Parameters Splitting
All the non-GBR bearers share the data rate of UE-AMBR. If both MeNB and SeNB manage the non-GBR bearers, how to coordinate the total UE-AMBR usage would be a problem and one side resource usage would impact the other side but there is no control point 

Proposal 3: How to assign UE-AMBR should be studied.
2.4 SGW Connectivity
It is possible that the MeNB and SeNB connect to different SGW, i.e. MeNB and SeNB are belonging to different Serving GW Service Area. Some mechanism needs to be provided to ensure the MeNB and SeNB can connect with the same SGW when MeNB deciding to use the UP 1A.
Proposal 4: A mechanism should be provided to ensure the MeNB and SeNB can connect to a same SGW.
3 Conclusion

In this paper, some issues related to path switch to support MSA UP architecture are identified. Based on above conclusions, we propose:

Proposal 1: Data forwarding is necessary when an E-RAB is switched to support 1A.

Proposal 2: The issues in Path Switch Request procedure should be taken into account.
Proposal 3: How to assign UE-AMBR should be studied.

Proposal 4: A mechanism should be provided to ensure the MeNB and SeNB can connect to a same SGW.

The corresponding draft TP to TR 36.842 is provided in Annex.
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8.1.1.1.x

Mobility issues

There are some issues may need solve to support Alternative 1A for SeNB mobility or a bearer switch between MeNB and SeNB.

-
data forwarding between MeNB/SeNB and SeNB  is necessary to avoid the data loss and traffic interruption. Whether current data forwarding mechanism for X2 handover can be reused is FFS.

-
need to switch the U-plane path by the Serving Gateway. S1 AP Path Switch Request procedure could be reused. However, there are some identified issues to be studied:

-
the UE associated logical S1-connection re-establishment caused by Path Switch Request procedure;

-
the non-included E-RABs in Path Switch Request are released by MME and eNB;

- 
the NCC value may wrap around after several Path Switch Request procedures;

-
path switch failure issue of one bearer could cause UE detach or E-RAB release.

-
need to share the UE-AMBR between MeNB and SeNB without a control node.
-
A mechanism should be provided to ensure the MeNB and SeNB can connect to a same SGW.
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