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1 Introduction

This is an update to discussion paper S2-187793 addressing the comments received in SA2#128bis. Updated text is highlighted in cyan. 
In SA2#128, 
S2-186833 on 23.401 describes a problem that the UL packets may get dropped when the MME decides to switch S11-U (i.e. CP optimization) to UP (i.e. S1-U), and S11-U is released but S1-U is not yet established. 

In S2-186833, a new procedure is proposed to let MME inform UE of the coming CP to UP switch so that the UE can stop sending packet over CP and wait for user plane radio bearer established.
In SA2#128bis,  
Solution in S2-186833 was resubmitted in S2-188172. An alternative solution without UE impact and without introducing new procedure was proposed in S2-187794.
There is one company objecting the solution in S2-187794, commenting (1) that the TS 23.401 text “All the SGi PDN connections of a UE shall either use S11-U or S1-U at any point in time” means that the SGW cannot receive UL packets from S11-U and S1-U simultaneously; and (2) SGW receiving UL packets both from S11-U and S1-U means a big change on the implementation of SGW. 
2 Discussion
2.1 Problem: UL packets via signalling radio bearer get dropped after the S11-U is released 
TS 23.401 has the following: 
5.3.4B.4
Establishment of S1-U bearer during Data Transport in Control Plane CIoT EPS Optimisation
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Figure 5.3.4B.4-1: Establishment of S1-U bearer during Data Transport in Control Plane CIoT EPS Optimisation
4.
The MME shall send any remaining UL data over S11-U and in order to minimize the possible occurrence of out of order DL data e.g. caused by earlier DL data which were sent on the Control Plane may send a Release Access Bearers Request message to the Serving GW that requests the release of all S11-U bearers for the UE. The MME locally deletes any existing ROHC context used for Control Plane CIoT EPS Optimisation, and other S11-U related information in UE context, including TEID (DL) for the S11-U, etc, but not the Header Compression Configuration.

[Observation-1] MME may send Release Access Bearer Request in step 4.  If MME sends Release Access Bearer Request, the MME locally deletes the S11-U related info. After that, the UL packets via signalling radio bearer will be discarded.
2.2 Alternative Solutions
To avoid the problem in [Observation-1], two alternative solutions are described below.

2.2.1 Alternative 1 MME delays the deletion of S11-U related info 

If MME sends Release Access Bearer Request, the MME doesn’t delete the S11-U related info immediately. In this case, any remaining UL packets sent via signalling radio bearer will still be possible to be transferred to SGW via S11-U.
In step 9, when MME receives S1AP INITIAL CONTEXT SETUP COMPLETE, meaning that S1-U is successfully established, and the UE is expected to send UL packets via data radio bearer and S1-U. In this case, MME releases the S11-U related info.
2.2.2 Alternative 2 MME not sending Release Access Bearer Request at all
If MME does not send Release Access Bearer Request/Response in steps 4&5, the S11-U related info will not be deleted, and the S11-U to S1-U switch will happen at Modify Bearer Request at step 10. This is supported by stage 3 (TS 29.274 CR1749 C4-164063).
MME not sending Release Access Bearer Request means 
(1) before switching to S1-U, the DL packets will be transferred via S11-U and then via the signalling radio bearer to the U;
(2) After the S11-U to S1-U switch, the DL packets will be transferred via S1-U and then via the data radio bearer to the UE.
As the switch of S11-U to S1-U happens very fast in SGW, the DL packets transferred via S11-U and signalling radio bearer may not reach the UE, and at same time the DL packets start to be transferred via S1-U, consequently, the UE may receive DL packets simultaneously from both signalling radio bearer and data radio bearer, and there is a risk of out-of-order DL data delivery.
2.2.3 Comparison
In Alternative 1, 
MME can send Release Access Bearer Request to minimize the risk of out-of-order DL data delivery.
For the UE, it has full control of UL packet sending. When the UE receives the request to set up DRB at CP to UP switch, this is an implicit indication to the UE to stop sending UL packet over CP, and the UE could take some action if needed (e.g. delay sending the UL packets over UP for a while) to minimize the risk of out of order packet in UL.
[Proposal-1] It’s proposed to go for Alternative 1, i.e. MME delays the deletion of S11-U related info.
2.2.4 Regarding Comment in SA2#128bis on SGW receiving UL Packets (all text in this section is new)
In SA2#128bis, there is one company objecting the solution in S2-187794, claiming that the following text in TS 23.401 means that the SGW cannot receive UL packets from S11-U and S1-U simultaneously.

4.10
Introduction of CIoT EPS Optimisations

….

 All the SGi PDN connections of a UE shall either use S11-U or S1-U at any point in time.

However, according to S2-163058 (SA2#115), the above text is intended to minimize the SGW impact and  has nothing to do with the SGW handling simultaneous UL packets from different user plane paths, see below the bold text below excerpted from Summary of change in S2-163058.

	Reason for change:
	CP and UP optimisations can be supported simultaneously for a UE and network that support both. 

This CR covers those aspects following the proposals in S2-161443

	
	

	Summary of change:
	 ….

Clarification that Control Plane CIoT Optimisation and User Plane CIoT Optimisation are not intended to be used at the same time rather:

1.       MME shall “pin to CP” all PDN connections to SCEF        

2.       MME may “pin to CP” the UE’s SGi PDN connections to PGW based on local policy (e.g. for UE or MME only supporting CP)

3.    A UE may have a SCEF PDN connection (using CP) concurrently to an SGi PDN connection using CP or UP.

4.   An SGi PDN connection may use CP and UP at different times (i.e. both can be used during the lifetime of the SGi PDN connection)

But that the CR disallows supporting multiple SGi PDN connections for a UE , some using CP and others using UP concurrently, i.e. concurrent S11-U and S1-U bearers, as there is no use case/benefit and this would cause larger SGW impacts as changing the existing EPS principle design (for SGW to see all its S1-U bearers or none established at the same time for LTE).

Clarification of applicability of Control Plane CIoT EPS Optimisation and User Plane CIoT EPS Optimisation in clause 4.10.


[Conclusion-1] It’s an invalid comment to say that TS 23.401 text “All the SGi PDN connections of a UE shall either use S11-U or S1-U at any point in time” means that the SGW cannot receive UL packets from S11-U and S1-U simultaneously.
In addition, TS 23.401 v15.5.0 has the following:

5.3.4.1
UE triggered Service Request
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Figure 5.3.4.1-1: UE triggered Service Request procedure

6.
The uplink data from the UE can now be forwarded by eNodeB to the Serving GW. The eNodeB sends the uplink data to the Serving GW address and TEID provided in the step 4. The Serving GW forwards the uplink data to the PDN GW.

[Observation-2] Before the SGW is updated with the DL tunnel entity (i.e. step 8), if the UE sends UL data (in step 6) after radio bearer establishment (in step 5), the eNB will forward the data (in step 6) to the SGW and the SGW will forward the data further to the PGW.
[Conclusion-2] In the case that the SGW does not have DL tunnel entity (e.g. after step 4 of Figure 5.3.4B.4-1), if MME forwards UL data received over Control Plane over S11-U to the SGW, the SGW just needs to forward it to the PGW as in UE trigger Service Request procedure. Nothing special is expected on the SGW. 

In addition, TS 23.401 v15.5.0 has the following:
5.5.1.1.2
X2-based handover without Serving GW relocation

This procedure is used to hand over a UE from a source eNodeB to a target eNodeB using X2 when the MME is unchanged and decides that the Serving GW is also unchanged. The presence of IP connectivity between the Serving GW and the source eNodeB, as well as between the Serving GW and the target eNodeB is assumed.
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Figure 5.5.1.1.2-1: X2-based handover without Serving GW relocation

[Observation-3] During handover, the SGW may receive UL packet from the target eNB before the UP path is switched to the target eNB in step 2.

[Conclusion-3] The SGW is already able to receive UL packets simultaneously from different UP paths. Receiving UL packets from S11-U and S1-U is not something new. If such handling implies big impact on the SGW implementation, it’s in our view a limitation of the product implementation.  
3 Proposal
[Proposal-1] It’s proposed to go for Alternative 1, i.e. MME delays the deletion of S11-U related info.
See S2-1810130 (resubmission of S2-187794 with small update).
[Conclusion-1] It’s an invalid comment to say that TS 23.401 text “All the SGi PDN connections of a UE shall either use S11-U or S1-U at any point in time” means that the SGW cannot receive UL packets from S11-U and S1-U simultaneously.
[Conclusion-2] In the case that the SGW does not have DL tunnel entity (e.g. after step 4 of Figure 5.3.4B.4-1), if MME forwards UL data received over Control Plane over S11-U to the SGW, the SGW just needs to forward it to the PGW as in UE trigger Service Request procedure. Nothing special is expected on the SGW. 

[Conclusion-3] The SGW is already able to receive UL packets simultaneously from different UP paths. If the SGW receiving UL packets from S11-U and S1-U implies big impact on the SGW implementation, it’s in our view a limitation of the product implementation.
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